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ABSTRACT
Nowadays, the cross-layer design approach, is the most rel-
evant concept in mobile ad-hoc networks. It is obvious that
designing this architecture for MANETs could be used for
more than one objective such as QoS provisioning, secu-
rity, and multicast transfer. In this work, we discuss trends
and challenges on designing cross-layer communication pro-
tocols for mobile wireless networks. Our analysis are based
on the comparison of several cross-layer mechanisms that we
have introduced to improve application performance under
specific scenario characteristics. Indeed, we study the sim-
ulation output obtained with and without considering layer
interconnections. These results show that the performance
of the inter-layer cooperation paradigm depends on the net-
work characteristics and the application constraints. Our
remarks lead to a description of a new cross-layer architec-
ture ”XAid”, that aims to provide a mapping between the
set of QoS requirements, network characteristics, and the
appropriate basic or cross-layer protocol.

Categories and Subject Descriptors
C.2.1 [Computer Communication Network]: Network
Architecture and Design—network topology, wireless com-

munication, distributed networks

General Terms
Algorithms, Design, Performance, Reliability

Keywords
Architecture, cross-layer model, routing, quality of service,
MANETs

1. INTRODUCTION
Current layered design paradigm is inflexible and subop-

timal for wireless networks. A good network planning is
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required in order to meet the performance expectations es-
pecially when IEEE 802.11 is used with real-time applica-
tions [7]. Indeed, multimedia processing and transmission
are delay sensitive that require considerable battery power
as well as network bandwidth. Furthermore, the routing,
mac, and physical protocols that support QoS must be adap-
tive and cooperative to cope with the time-varying topology
and time-varying network resources.

The cooperation between layers to enable performance en-
hancement is very important and useful in wireless adhoc
networks. The global objective of such cooperation is to
achieve a reliable communication-on-the-move in highly dy-
namic environments as well as QoS provisioning. Numerous
works have been presented in the open literature that intro-
duce several coupling ways and solutions between different
communication layers as we discussed in [4]. In this paper,
we discuss the challenges of introducing cross-layer mech-
anisms. To this end, we compare the performance of our
four inter-layer cooperation mechanisms described in [1, 2,
3, 5]. We study the impact of traffic load and network vary-
ing characteristics. Then, we address the trade off between
the improvements achieved thanks to our proposals and the
complexity to implement them and to exchange useful in-
formation between wireless devices. We also expose XAid
(CrossAid), a novel framework for cross-layer QoS provi-
sioning in multihop wireless networks. It includes all the
cross-layer proposals. We provide a guideline for mapping
user applications to the ”optimal” cross-layer routing scheme
according to their QoS requirements. The main feature of
this new concept is that, basic layered mechanisms could be
selected depending on the network characteristics.

The remainder of this paper is organized as follows. We
devote section 2 for reviewing our cross-layer proposals. In
Section 3, we compare the performance of the different cross-
layer mechanisms and we provide a deeper analysis of the
main obtained simulation results. Our new XAid architec-
ture will be described in Section 4. Section 5 summarizes
the paper and outlines the future works.

2. SHORT OVERVIEW OF OUR
CROSS-LAYER MECHANISMS

We designed four cross-layer mechanisms that aim to over-
come the issue of routing in MANETs while enhancing im-
portant QoS metrics (path stability, energy consumption,
end-to-end delay, etc.). To this end, we extract the adequate
parameters from both MAC and network layers and adapt
them to provide QoS enhancement based on new inter-layer



cooperation algorithms. As an example, we mainly focus
on the enhancement of the AODV reactive routing protocol
(Ad-hoc On-demand Distance Vector) and the IEEE 802.11e
MAC protocol by adding the support of our proposed mech-
anisms [6, 9].

• F-AODV: A cross-layer approach for efficient
data Forwarding in MANETs

F-AODV is a cross-layer forwarding strategy, which is based
on the cooperation between MAC and routing protocol [2].
The proposal aims to minimize the number of Forwarding
Nodes (FN) by hop, in the network. By this way, we decrease
the contention amount and we improve the medium utiliza-
tion. The selection of FN is based on maximum battery level
and queue occupancy. These information are injected into
routing requests and replies crossing nodes in the network.
Then, each node is able to select the FN that will participate
in path establishment. In order to maintain a fair node capa-
bility, the forwarding procedure is dynamically distributed
and assigned to nodes in the network. Moreover, different
weights are assigned to each node i in the network according
to its load. This parameter is used to tune and adapt MAC
layer parameter values, as Contention Window (CW) and
TXOP duration. This leads to high medium access proba-
bility for FNs. The proposed cross-layer mechanism demon-
strates a good performance, specially in term of throughput,
that can be significantly improved. Moreover, it achieves a
high degree of fairness among applications.

• E-AODV: An energy consumption rate-based
cross-layer routing mechanism for MANETs

In [5], we proposed a new approach that aims to incorpo-
rate energy-related metrics in the decision of determining
the optimal route between each pair of wireless devices. We
described a new framework to compute a novel metric called
energy-consumption rate which reflects how fast a node is
consuming its remaining energy. This metric takes into ac-
count by nature the traffic load in the node and its contribu-
tion on the data forwarding process in the network. We also
proposed the required modifications of the AODV routing
protocol in order to make it energy-aware by considering
the metric we design. As the optimal path is decided at
the source side and intermediate nodes help only on pro-
viding the updated measurement of the energy metric, this
scheme can be classified as source-initiated and network as-
sisted technique.

• D-AODV: A cross-layer routing mechanism for
delay-sensitive applications

In [1], we addressed an adaptive service differentiation based
on buffer management and route establishment strategy.
This proposal aims to find the best path according to appli-
cation requirements in terms of delay. Each node periodi-
cally estimates the average transmission delay for each class
of service. This information is injected into routing requests
and replies crossing each node. The sender is then able to
select the best path which ts its delay requirement. Further-
more, in order to overcome transit network characteristics
due to new communications set up and mobility, we develop
a new buffer management scheme for the audio class of ser-
vice that aims to discriminate audio packets according to
their tolerated end-to-end transfer delay and their current
experienced delay.

• S-AODV : A stability-based cross-layer routing
mechanism for MANETs

Selecting the stable path is a major challenge in MANETs.
Hence, we tackle this problem by developing a new ”cross-
layer metric” for measuring the stability of links in MANETs
[3]. We use an entropy-based technique to measure the
neighborhood stability value. This metric is updated based
on the measurements done in both network and MAC layers.
We develop a distributed algorithm allowing to compute this
metric and maintaining it up-to-date in each wireless node
in the network. Incorporating this metric on routing pro-
tocols such as AODV allowing to optimize the selecting of
nodes composing a path between each pair of nodes.

3. SIMULATIONS AND PERFORMANCE
ANALYSIS

We implemented our proposals in the ns-2 network sim-
ulator [8]. We have extended the AODV protocol and the
EDCA (Enhanced Distributed Coordination Access) scheme
[6] to support our cross-layer algorithms. We compare the
performance of the different inter-layer interaction mecha-
nisms with various scenarios and network mobility patterns
and we provide an analysis of the obtained results. In the
first set of simulations we compare F-AODV and E-AODV
mechanisms since they are based on energy and congestion
parameters. In the second set of simulations, we present a
comparison results of S-AODV and D-AODV. Finally, we
provide a quantitative comparison of all the proposed mech-
anisms.

3.1 Performance Comparison of F-AODV and
E-AODV Mechanisms

The objective of the next set of simulations is to com-
pare the performance of F-AODV, E-AODV, presented in
the previous section, and the basic AODV protocol. We
aim to evaluate the benefits of considering inter-layer coop-
eration and adaptation using several network scenarios. Re-
call that E-AODV considers only energy rate consumption
metric in route establishment scheme. However, F-AODV
ensures further, MAC layer adaptation for congested nodes.
We consider squared area of 1000m x 1000m. The differ-
ent simulation parameters are summarized in Table 1. Each
plotted point is the average of 10 simulation iterations, while
the error bars represent a 95% confidence interval. We mea-
sured several significant metrics for MANETs: Packet De-
livery Ratio (PDR), Routing Overhead (RO), and Average
Delay (AD). We study the effect of the node density, the
influence of the speed variation and the data traffic rate on
the performance of the E-AODV, F-AODV, and the basic
AODV protocols.

• Impact of network density

We illustrate, on the first set of simulations, the influence
of node density (in terms of average number of neighbors
per node) computed as shown in Table 1, on E-AODV, F-
AODV, and the basic AODV performance.

Figure 1, shows the obtained PDR results. The general
trend of all curves is a decrease in PDR with high node den-
sity. This is mainly due to higher probability of collisions
and channel contention. We observe that F-AODV outper-
forms both AODV, and E-AODV especially at high node



Simulation time 900s
traffic CBR, 4pkt/s

Packet size 512 bytes
Mac rate 2 Mbps

Initial speed Spmin = 5m/s, Spmax = 25m/s
Speed Uniform

Density #nodes ∗
Π∗range2

Xdim∗Ydim

Range 250m
Simulation area 1000*1000m

#nodes 40, 50, 60, 70, 80
Confidence Interval 95%

Table 1: Simulation parameters

density. The improvement achieved by F-AODV, compared
to AODV, is about 9% at low node density and about 14%
when the node density increases. E-AODV and F-AODV
exhibit similar trends at low node density. However, the
obtained performance by F-AODV becomes higher than E-
AODV when the node density increases. This behavior is
explained by the fact that F-AODV minimizes the number of
nodes that participate in communications used by F-AODV
which in turn causes a low probability of contention. Thus,
F-AODV can accommodate more packet delivery in this case
by reducing the number of collisions using a low number of
FNs. Moreover, this is a direct consequence of adapting the
MAC layer parameters incorporated in F-AODV. Indeed,
giving more access ability to FNs by allowing them more
transmission opportunity duration (high TXOP length ) and
assigning them minimum CWmin and CWmax to increase
the access probability to the channel.
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Figure 1: The effect of increasing the node density
on the Packet Delivery Ratio (PDR)

Figure 2 depicts the variation of the average delay as a
function of node density. The delay increases with load for
all protocols. With a low node density, the lower delay is in-
curred by AODV protocol. However, when the node density
increases, E-AODV performs slightly better than F-AODV.
It is important to note that E-AODV and F-AODV still
show significantly lower delay compared to AODV at high
congested network.

Figure 3 illustrates the routing overhead incurred by dif-
ferent routing protocols. Routing overhead is an impor-
tant metric to compare these protocols, since it has a di-
rect impact on network utilization efficiency. In Figure 3,
we observe that both F-AODV and E-AODV have a lower
overhead in terms of bytes compared to AODV protocol.
Once again, this is due to high reactiveness of F-AODV and
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Figure 2: The effect of increasing the node density
on the average delay

EAODV to link changes compared to AODV, induced by
congestion and energy exhaustion. Although F-AODV pro-
vides better PDR than E-AODV, E-AODV has minimum
routing overhead. In F-AODV, a large amount of pack-
ets are used for the role rotation of the forwarding process,
which allows a distributed selection of the FNs and increase
overhead. Moreover, F-AODV carries new parameters in
control packets and hence packet size is higher.
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Figure 3: The effect of increasing the node density
on RO

• Impact of traffic Load

In this set of simulations, we investigate the influence of data
traffic rate on the performance of the studied protocols. We
fix the number of nodes to 40 and we increase the inter-
packet arrival time.
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Figure 4: The effect of increasing the data rate on
the PDR



Figure 4 illustrates the PDR results. With low inter-
packet arrival time, which corresponds to high data rate,
E-AODV and F-AODV perform better than AODV. Indeed,
the improvement is about 40% for E-AODV and 30% for F-
AODV, compared to AODV.

F-AODV provides the minimum delay at high data rate
compared to AODV and E-AODV. Its performance becomes
similar to AODV when we increase the inter-packet arrival
time. Contrarily, E-AODV has a high delay as shown in
Figure 5.
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Figure 5: The effect of increasing the data rate on
the average delay

The RO results shown in Figure 6, remain quite similar
to those presented for the effect of node density.
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Figure 6: The effect of increasing the data rate on
the routing overhead

• Impact of node speed

In this set of simulations, we investigate the influence of node
mobility on the performance of the studied protocols. Thus,
we varied the initial speed. Indeed, the increase of initial
speed leads to an increase on the average speed. In return,
the mobility of the network becomes high. As nodes be-
come highly mobile, the probability of link failure increases.
Consequently, the route error rate also increases. However,
due to the consideration of energy metric and node load in
route establishment scheme, E-AODV and F-AODV have
the minimum route error rate compared to AODV. In Fig-
ure 7, we illustrate the results of routing overhead. E-AODV
has the minimum routing overhead compared to F-AODV
and AODV. Figure 8 shows that E-AODV and F-AODV
have higher packet delivery ratio as a consequence of load
balancing effect triggered by both node mobility and the

use of the adaptive cross-layer mechanisms. Indeed, route
failure due to power exhaustion and node congestion are
avoided using our proposals. We observe that F-AODV has
the higher PDR compared to E-AODV and AODV. This is
due to the fact that F-AODV employs FNL, allowing nodes
to use other route possibilities in case of routing failure. In
return, this avoids re-starting the route discovery process.

Another interesting observation is that for the most pro-
tocols the end-to-end average delay uniformly increases from
low mobility rate to medium mobility rate (see Figure 9).
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Figure 7: The effect of increasing the initial speed
on the routing overhead
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Figure 8: The effect of increasing the initial speed
on the PDR
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Figure 9: The effect of increasing the initial speed
on the average delay

Summary
Overall, we can conclude that we have to take into account
the application QoS requirements as well as the network



characteristics in order to select the appropriate routing
scheme that leads to better performance. Moreover, our
proposals enable nodes with better characteristics (nodes
that are less congested and have high energy level) to par-
ticipate in the data forwarding process. Consequently, the
probability of route breaks is reduced and the routing over-
head is minimized. It is notable that the results in terms
of average delay as function of node mobility, for the three
protocols, are almost similar. One can also learn from the
simulation results that in some cases (for example at low
data rate), it is inefficient to count on the inter-layer pa-
rameters in route establishment scheme. Thus, we have to
consider the accuracy level of the inter-layer parameters used
in route establishment in order to achieve the overall perfor-
mance enhancement objectives.

3.2 Performance Comparison of S-AODV and
D-AODV Mechanisms

To quantify the importance of taking into account the
network characteristics and the target metrics to optimize
when selecting a routing protocol, we provide in this sec-
tion a simulation-based analysis of the results obtained for
S-AODV and D-AODV mechanisms. We evaluate the per-
formances of these protocols under various network scenar-
ios. The simulated scenarios consist of 50 nodes located in
a uniform distribution within an area of 1500x300m form-
ing a multi-hop network. These scenarios are generated by
the enhanced random way-point mobility model [10]. The
sources are CBR and generate UDP at 4 packets/second,
each packet being 512 bytes. Note that the number of source
nodes is 30 sources. In our simulation wireless nodes move
at an average speed of 15m=s. We provide simulations for
several pause time values. We compare the performance of
D-AODV and S-AODV protocols using the following met-
rics: packet delivery ratio, routing overhead, and average
end-to-end delay.

In Figure 10, we plot the mean delay of the two mech-
anisms. It’s obvious from the curves that the mean delay
is improved well when using D-AODV for the case where
there is no mobility (pause time=900). Indeed, the model
enables packets routing over less congested nodes. However,
this good performance decreases when the node mobility in-
creases. Hence, the S-AODV mechanism performs better
in such scenario with frequent changes. D-AODV allows
re-routing and refresh routes including new nodes that have
better quality than in the old routes which improves the end
to end delay. Moreover, we remark that the improvement
on delay increases with high network mobility. Furthermore,
we can also observe this difference on performance in Figure
11 and 12. Indeed, for the D-AODV scheme, the packet de-
livery ratio increases when the nodes are more stable. The
routing overhead results obtained with this mechanism de-
creases when considering low mobility. These results demon-
strate the importance of the adequate selection of cross-layer
parameters regarding both network metrics and application
requirements. On one hand, the efficiency of S-AODV is
shown with high link changes. This mechanism is able to
select stable routes even with mobile nodes but they follow
the same movement direction. On the other hand, with D-
AODV the performance improvement is obtained only when
considering stable nodes.

By this comparative study, we demonstrate that cross-
layer routing mechanisms could not be efficient when net-

work characteristics change frequently given that the esti-
mation of the QoS metrics may not be accurate.
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Figure 10: Results of the average end-to-end delay

0 100 200 300 400 500 600 700 800 900
0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Pause time (sec)
P

ac
ke

t D
el

iv
er

y 
R

at
io

D−AODV
S−AODV

Figure 11: The results of the packet delivery ratio
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Figure 12: Results of the routing overhead

3.3 Cross-layer design: trends and challenges
In this subsection, we provide quantitative comparisons of

the different proposed mechanisms described in the previous
sections, regarding the basic protocols (AODV, EDCA). We
summarize the results that we have extensively described
in the previous subsections. Thus, we recall how much the
performance of the different proposals is enhanced. More-
over, we illustrate the scenarios where inter-layer interaction
is useful for routing in MANETs. Furthermore, we identify
the scenarios where each routing scheme among those we
have proposed (E-AODV, F-AODV, S-AODV, D-AODV) is
the best to use. We define the notations that we use in our
comparison in Table 2. Due to the limited space, we only
present a summary of PDR and delay results.



+ minor enhancement
≃ similar performance

+ + good enhancement
+ + + significant enhancement

- minor performance degradation
- - performance degradation

Table 2: Notations used for the comparison of the
proposed cross-layer routing mechanisms

Summary of the obtained Packet Delivery Ratio
results
We illustrate the comparison results in terms of the Packet
Delivery Ratio (PDR) for low and high traffic load scenarios
in Tables 3 and 4, respectively.

Cross-layer protocols Low mobility Medium mobility High mobility

E-AODV - ≃ +

F-AODV + + + + +

S-AODV ≃ + + +

D-AODV + - -

Table 3: Results of the PDR for low loaded networks
and with different mobility levels

Cross-layer protocols Low mobility Medium mobility High mobility

E-AODV + + + + + +

F-AODV + + + + + + + +

S-AODV ≃ + + + + +

D-AODV + - - -

Table 4: Results of the PDR for highly loaded net-
works and with different mobility levels

Table 3 summarizes the PDR results of our proposals with
low traffic load. A good performance improvement is ob-
served with F-AODV at both low and medium mobility.
Moreover, there is an enhancement with S-AODV at high
mobility. However, there is a degradation of the performance
with E-AODV at low mobility. Furthermore, the same re-
mark is observed with D-AODV at both medium and high
mobility.

As we can see in Table 4 a significant performance en-
hancement in terms of PDR is achieved by F-AODV espe-
cially at low and medium mobility level. At high mobility
scenarios, although D-AODV performs poorly, the S-AODV
protocol provides a significant PDR improvement while it
maintains a similar performance as the basic AODV when
considering a stable network. Moreover, E-AODV provides
a good performance enhancement at all different mobility
levels.

Summary of the obtained average delay results
The average end-to-end delay is only enhanced by D-AODV
mechanism as shown in Table 5. A minor enhancement is
observed with S-AODV and F-AODV at high mobility.

At highly loaded conditions, all the proposed protocols im-
prove the average end-to-end delay metric (see Table 6). A
significant average end-to-end delay performance enhance-
ment is observed with D-AODV at low mobility level. A
minor enhancement is achieved with the S-AODV proposal.

Cross-layer protocols Low mobility Medium mobility High mobility

E-AODV ≃ - -

F-AODV - - +

S-AODV - - +

D-AODV + + + + +

Table 5: Results of the average delay for low loaded
network and with different mobility levels

Cross-layer protocols Low mobility Medium mobility High mobility

E-AODV + + + + + +

F-AODV + + + + +

S-AODV + + + +

D-AODV + + + + + +

Table 6: Results of the average delay for highly
loaded networks and with different mobility levels

The results that we got, showed that the performance of
the inter-layer cooperation paradigm depends on the net-
work and application characteristics. Indeed, the network
characteristics (as mobility pattern, congestion, lack of re-
sources (energy)..etc.,) and the application requirements (de-
lay, bandwidth) have to be described in order to efficiently
select the appropriate cross-layer algorithm or just apply ba-
sic protocols. As an example, when considering low loaded
network and stable nodes, the basic AODV protocol per-
forms better than the inter-layer schemes. Moreover, it is
not necessary to apply QoS mechanisms, when we have only
communications with low priority applications.

Having proposing several cross-layer approaches for QoS-
based routing in MANETs and extensively studying their
performance under various scenarios, we designed a new
cross-layer architecture called XAid (CrossAid). It is a cross-
layer architecture for 802.11-based MANETs that incorpo-
rates all our proposals. Moreover, it may include other cross-
layer mechanisms.

4. THE CROSSAID (XAID) ARCHITECTURE
Cross-layer models are mainly introduced to enhance the

performance of real time applications and achieve better
QoS support. However, the proposed cooperative algorithms
and parameters have to be rigorously selected, compared,
and optimized. In the most cases, we have to take into ac-
count the benefits of each model that provides inter-layer
cooperation comparing to its complexity. Indeed, there are
some proposals that compute global or local metrics which
are used to make decisions for route establishment, schedul-
ing, tuning transmission rate, etc. However, using these
metrics in a cross-layer model could be not efficient because
they have sometimes inaccurate values which do not reflect
the real situation around a given node. Moreover, since a
node moves with an arbitrary speed and toward an arbitrary
destination, the computed metrics (according to the partic-
ipation of the node in communication and the traffic load
level around it) could change during the time. Consequently,
other nodes that consider the metrics of that node, to build
routes for example, could have an inaccurate information
since this later change according to mobility patterns, traf-
fic load, and links capacity. We believe that developing a
cross-layer model for QoS support in MANETs has many
challenges. On one hand, the modifications, which have to



be added in the protocol stack and the complexity in intro-
ducing a new parameters and new algorithms to provide a
good inter-layer cooperation, could introduce a high com-
plexity risk. On the other hand, this could be very interest-
ing given that it captures the characteristics of the capacity,
the expected behavior of node load to choose the best routes
between sources and destinations in a way to achieve a global
traffic load balancing.

We recommend the following requirements to efciently de-
sign a QoS cross-layer model:

1. Choosing the metrics: choosing of a very useful
and efficient metrics such as battery level, available
bandwidth, and mobility rate.

2. Computing the metrics: the way of computing these
metrics regarding one path (energy, lifetime of nodes,
throughput, delay, etc.) have to be decided. The well-
known approach is to minimize a cost function for a
given link in the path between a source and a desti-
nation then consider the different costs computed for
all links in the path. Depending on the nature of the
metric, the cumulative value could be additive, con-
cave and multiplicative. Other techniques could be
also used such are variance and max-min. Computa-
tion and complexity costs should always be taken into
account.

3. Adapting metrics’ values: an adaptive method should
be used to update the measured metrics: They could
be updated even more when mobility increases and less
in a stable network while taking into account traffic
load variation and application requirements.

4. Deciding to use or not the metrics: As shown in
Figure 13, considering the information useful for model
selection, the more efficient model has to be chosen
according to the two following parameters:

(a) Regarding to the network behavior: in some
cases, when the traffic load and its characteris-
tics change rapidly (high mobility), it is very dif-
ficult to compute accurate values of the metrics
that can be used to address QoS. Hence, the com-
plexity of the cross-layer model becomes too high
comparing to the expected performance enhance-
ment and it is recommended in this case to use
the legacy layered approach.

(b) Regarding to the user application: each layer
of the protocol stack responding to local varia-
tions and informations from other layers. We have
to evaluate the benefits and the disadvantages of
the cross layer model for each specific user appli-
cation.

The XAid architecture shown in Figure 13 considers the
challenges illustrated above. Each cross-layer routing scheme
is used regarding the network characteristics and application
requirements. The decision is made based on the analysis
of the collected measurement from the network and that is
stored in the bloc named information useful for architecture
selection in Figure 13). This architecture is introduced not
only to make a choice between layered or cross-layer archi-
tectures, but it contains implicitly the required information

that we should consider to select the adequate cross-layer
mechanism to use. Furthermore, XAid could consider other
interaction parameters that involve other layer cooperation
schemes from physical, transport and application layers.

Physical layer

Application layer

Transport layer

Network layer

MAC layer

Layered Architecture

architecture 

selection 

useful for

Cross−Layer
Architecture

E−AODVE−AODV

F−AODVF−AODV

S−AODV

F−AODV

D−AODV

Information

Figure 13: XAid: proposed new architecture design

5. CONCLUSION AND FUTURE WORKS
In this paper, we compared four cross-layer routing mech-

anisms under several performance metrics. Then, we de-
scribe a new cross-layer architecture called XAid, which im-
plements basic protocols, inter-layer approaches and models
to select the appropriate architecture for communication set-
up in MANET. We believe that the decision to use which
cross-layer routing mechanism is very coupled with the na-
ture of the user application and the evolution of the network
behavior.

The design of the XAid architecture is derived from an ex-
tensive simulation-based (quantitative) analysis of our cross-
layer routing schemes. We believe that we could extend this
analysis by a qualitative study similar to what the authors
of [11] have conducted for the GRACE (Global Resource
Adaptation through CoopEration) cross-layer architecture.
GRACE addresses the whole device and its resources us-
ing inter-layer cooperation. Every application that wants
to make use of the GRACE framework must include some
kind of cost model and should allow for multiple operation
points. The cost model permits to predict resource con-
sumption over time of the running application.
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