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Abstract
A Mobile Ad-Hoc Network (MANET) is a collection of mobile 
nodes. It can be constructed anywhere without any infrastructure. 
The mobile nodes are equipped with energy-limited batteries. 
As mobile nodes are battery-operated, an important issue in 
such a network is to minimize the total power consumption for 
each operation..Due to limited battery power and transmission 
bandwidth limitations, in wireless ad hoc networks, it is essential to 
develop efficient multicast protocols that are optimized for energy 
consumption and significantly improving network life time. In 
this paper, we propose a cooperative multicast routing protocol 
with energy efficiency. COMRoute utilizes cross-layer design by 
physical-layer cooperative transmission, MAC-layer clustering, 
and networklayer multicast routing. Also to design an energy 
efficient algorithm for reducing the amount of overhearing based 
on RSS value in a Mobile Ad-hoc Network (MANET). A cross 
layer framework is designed by combining the physical, MAC 
and network layer. RSS value is taken from the physical layer 
and it is used for finding the Mobility Parameter (MP). MP value 
determines the level of overhearing and rebroadcast probability. 
Simulation results are compared for Packet Delivery Ratio (PDR) 
and energy consumption.

Keywords
COMRoute, Cross Layer Design, Partner Clustering Algorithm

I. Introduction
In mobile ad-hoc network, the nodes are mobile and much 
suitable for disaster management, rescue operations and defense 
applications. The major concern  in MANET is conservation of 
energy due to limited  life time of mobile devies. All mobile 
nodes depends on battery power supply. The main objective of 
the work here is to make the COMRoute suitable for  routing 
in MANET with Energy efficiency. In this paper, we propose a 
cooperative multicast routing protocol, COMRoute, which utilizes 
cross-layer design by integrating the physical-layer cooperative 
transmissions, Medium Access Control (MAC)-layer clustering 
and network-layer multicast routing. The physical-layer multi- 
node decode-and-forward cooperative transmissions provide 
reliable transmission links. At MAC layer, nodes are classified 
into clusters. In each cluster, the cluster head, serving as a gateway, 
is responsible for inter-cluster transmission, while other nodes 
perform cooperative reception.
Based on the clustered architecture, we design an on demand , 
source-based multicast routing protocol at network layer, which 
establishes a source-based multicast tree between clusters. Our 
protocol is the first one to take diversity into account for route 
establishment. Specifically, we select multicast routes that contain 
more cooperative partners to help cooperative transmissions. In 
this case, even under a highly dynamic environment, COMRoute 
can still construct reliable cooperative routing paths to achieve 
robust network connectivity. More over a conditional overhearing 
and rebroadcast mechanism based on mobility parameter of the 
nodes in a network is designed and is based on the concept given 

in Random Cast . 
The on demand routing protocols before sending a packet to the 
destination, discovers a route. Route maintenance is invoked when 
node detects link failure. In order to avoid route discovery for 
each packet, on-demand routing protocols utilizes cache routes 
previously learnt. The performance of routing protocol, such as 
packet end -to- end delay, throughput and routing overhead, is 
significantly influenced by node mobility.
According to the global topology of routing paths, these 
protocols can be classified into two categories: tree-based and 
mesh-based. Tree-based approaches [1,6-7], maintain a single 
loop-free route between the source and each receiver, while 
mesh-based approaches [2-5], construct multiple routing paths 
from a source to each destination and the nodes can deliver data 
copies through separate paths. Tree-based approaches have low 
control- overhead and bandwidth-efficient characteristics, but they 
suffer from the frequent link breakage caused by node mobility. 
Compared with tree-based approaches, mesh-based approaches 
are more resistant to the link breakage. However, they should 
pay for extra high maintenance cost and unnecessary bandwidth 
wastage. With the above respective defects of tree-based and mesh-
based approaches, previous research results have shown that they 
may not be suitable to be implemented in MANETs for real time 
Multimedia Applications.
To solve the problems caused by tree-based and mesh based 
approaches, it is required to design a new multicast routing 
protocol that incurs low communication overhead (as tree-based 
approaches) while guaranteeing reliable network connectivity (as 
mesh-based approaches). To achieve this goal, we incorporate the 
physical-layer cooperative communication technique in this paper. 
With cooperative communications, neighboring nodes overhearing 
a sender’s transmission may become cooperative partners and help 
the sender by forwarding the signals to the receiver. Through signal 
combination, this significantly improves the link transmission 
reliability [8–10]. Cooperative communications concept has been 
adopted in some proposed MANET routing protocols [11–13], but 
all of these protocols are concentrated on unicast routing. With 
the assist of cooperative communication, we argue that a low-
overhead tree-based multicast routing protocol can also provide a 
robust network connectivity comparable to mesh-based multicast 
routing protocols.
This  cross layer design  also used for reducing the unintended 
overhearing of neighboring nodes and for reducing the stale 
route. The first problem is solved based on the mobility of nodes. 
The second problem is solved with the help of Received Signal 
Strength (RSS) information. Mobility status can be predicted based 
on any one of the factors such as, node degree, link duration and 
number of link breakages. Link breakages can be determined 
based on the RSS value provided the interference is assumed to be 
negligible. The prediction of the link breakage based on RSS may 
not be correct if the interference is high. The idea is tried with a 
cross layer framework comprising of physical, MAC and network 
layers. The Received Signal Strength (RSS) value is derived from 
the physical layer and is shared among the other two layers. The 
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RSS value is used for finding the minimum transmission power 
for energy saving.

II. COMRoute  
Physical layer and MAC layer  enhancements This section presents 
the physical-layer and MAC-layer enhancements to support our 
proposed cooperative multicast routing protocol, COMRoute. We 
consider a mobile ad hoc network with n nodes, each of which 
equips a single antenna. Under this scenario, COMRoute is an on-
demand source-based multicast routing protocol, in which sources 
establish routes only when they want to start a transmission.

COM Route

PCA

NETWORK LAYER

IEEE 802.11 MAC

CT
IEEE PHY

MAC LAYER

PHYSICAL LAYER

Fig 1. Protocol Architecture for COMRouteFig. 1: Protocol Architecture for COMRoute

Fig. 1 shows the three-layer protocol architecture of COMRoute. 
In physical layer, we design a cooperative transmission scheme, 
CT, on top of the IEEE 802.11 physical layer. In MAC layer, 
a partner clustering algorithm, PCA, is introduced to partition 
the network into a hierarchical structure. Finally, in network 
layer, COMRoute is designed to support on-demand cooperative 
multicast routing. Cooperative transmission scheme in physical 
layer COMRoute utilizes a multi-node decode-and-forward 
cooperative transmission scheme in physical layer based on a 
hierarchical architecture. In this architecture, nodes are separated 
into several clusters, each of which is constituted of one Cluster 
Head (CH) and many Cluster Members (CMs).  The CH within 
a cluster, playing the role of a gateway, represents the cluster 
and conducts the multi-node decode-and-forward cooperative 
transmission between clusters. The other nodes within the cluster 
become the CMs to serve as the CH’s virtual antennas, helping 
the CH receive and relay information co operatively.
These CMs may or may not hear each other and only need to 
directly communicate with the CH. Moreover, we assume that each 
node, depending on its current role in the network, can control 
their transmitting power between three power levels, PL1  PL2 , 
and Pcoop. PL1 is used to conduct intra-cluster transmission—or 
called layer-one (L1) transmission— between CMs and their CHs, 
PL2 is used by CHs to communicate with each other in inter-
cluster transmission— or called Layer-Two (L2) transmission, 
while Pcoop is for cooperative transmission between CMs and 
their CHs.
Fig. 2, illustrates our considered transmission scheme. When CM1 
of Cluster 1 has messages to send to Cluster 2, it transmits the 
messages to CH1 (the CH of Cluster 1) using PL1 for the L1 
transmission, and the CH1 broadcasts the messages using PL2 
for the L2 transmission. After that, the CMs in Cluster 2 receiving 
the messages cooperatively relay them to CH2 (the CH of Cluster 

2) using Pcoop.

CH1

CM2

CM1

CH2

CM4

CM3CLUSTER 1
CLUSTER 2

Multi node decode and forward co operative transmissionFig. 2: Multi Node and Forward Co-operative Transmission
 
Because, we assume that CHs can combine signals through physical 
layer cooperative transmission, the more CMs participating in the 
transmission, the less transmission power needed.
Therefore, Pcoop can be expressed as 
Pcoop  =    α*PL1  / Ncm    (1)
where Ncm is the number of CMs, and a is a system parameter 
used to adjust a proper power level for the system. 
Eq.(1) is a simplified heuristic formulation. Since the objective of 
this paper is to investigate the relative performance differences of 
packet delivery ratio and control overhead, this simplified heuristic 
formulation is sufficient in the sense that it can clearly reflect 
the power reduction due to cooperative communications. Note 
that other more sophisticated formulations can also be easily 
accommodated into our COMRoute design to replace Eq. (1) 
based on the interested performance metrics.
To determine error packets, we first need to compute the received 
instantaneous Signal-to-Noise Ratio (SNR). Following [16], our 
physical-layer model assumes that the wireless channel is a slow 
Rayleigh fading channel, under which the received power Pr is 
calculated through a simplified free space propagation model as

    (2)
In (2), Pt is the transmission power, k is wavelength, and d is the 
distance between the transmitter and receiver. 
By using (2),  we can derive the average received SNR 

   (3)
Where Eo is the received noise. Then, the received instantaneous 
SNR  r is defined as an exponential random variable with rate 1/r 
. If the received instantaneous SNR r is less than a predefined 
threshold, we say that the packet is failed to be received.
Note that, for a cooperative  transmission, the received 
instantaneous SNR at a CH can be calculated as
                            Ncm
     Rcoop = rch  +    ∑   ri                                            (4)
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                            i=1
where rch is the instantaneous SNR received from the neighboring 
CH (see CH1 in fig. 2), and ri is the instantaneous SNR received 
from a CM i (see CM3 or 4 in fig. 2).

III. Partner Clustering Algorithm in MAC Layer
In the two-layer architecture described in Section III.A, it is clear 
that the CH election is the key to cluster stability and significantly 
influences network performance. Our partner clustering algorithm 
PCA modifies the WCA in [15] to elect suitable CHs and partition 
the network into logically non- overlapped 1-hop clusters. 
Specifically, our PCA adopts distance, relative speed and degree 
difference as metrics to periodically select proper CHs in a 
distributed manner, and nodes besides CHs will select one and 
only one CH to join, forming logically non-overlapped 1-hop 
clusters. Fig. 3 shows the three main steps of PCA. First, the nodes 
estimate their suitability for being a CH. After the estimation, a 
suitability dissemination mechanism is then exercised. Finally, 
the nodes with higher suitability scores than their neighbors are 
elected as the CHs. The details of these steps are elaborated on 
as follows.

A. CH Suitability Computation
In step 1 of Fig. 3, a node n in the network computes its suitability 
Sn for being a CH according to the following formula:                   

   (5)
where Dn is the average distance, Vn is the average relative 
speed.

B. Suitability Dissemination
In step 2 of fig. 3, because we elect the CHs in a distributed 
manner, we need to propagate the suitability information across 
the network. At the beginning of each routing cycle, each node 
n updates its CH suitability score Sn and encapsulates it into a 
BEACON message. When the BEACON is broadcast, each 1-hop 
neighbor receiving this BEACON stores the Sn information. This 
stored Sn information is again broadcast with the next BEACON. 
The 1-hop and 2- hop neighbor score information within each node 
can be maintained this procedure. Based on this information, the 
CHs can thus be elected as follows. 

C. Cluster Construction and Maintenance
In step 3 of Fig. 3, a node with the  largest Sn within its 2-hop 
coverage area (i.e., among its 1-hop and 2-hop neighbors) becomes a 
CH. Note that using both 1-hop and 2-hop neighboring information 
to judge the suitability for being a CH is better than that using 
simply 1-hop neighboring information. This is because when a 
node judges its CH suitability through the 1-hop information large 
number of small clusters consisting of few or even a single node 
will be constructed. 
Consequently, the performance enhancement due to cooperative 
communication will be reduced. In step 4, the elected CH adds its 
CH information into its BEACON message and broadcasts it. The 
CH’s neighbors receiving this message will join the cluster in step 
5 and become CMs. The CMs also add their cluster information 
into the BEACON message, and thus the CH can maintain a cluster 
member list CML useful for the following routing process. Besides, 

PCA is executed periodically and a node without neighbors will 
form a cluster itself as a CH. 

IV. COMRoute: Routing Process
This section describes the network-layer routing process of 
COMRoute. We first define the control packets and data structures 
which are required by the routing process. Then, we present 
the on-demand routing process in terms of three phases: Route 
Request (RREQ) phase, Route Reply (RREP) phase, and data 
transmission phase. Finally, we design a mechanism to overcome 
the asymmetric cooperative transmission problem. In this problem, 
packets successfully transmitted in one direction may be lost in 
the reverse direction.

A. Control Packets 
In COMRoute, when a source has data to send to multiple 
destinations, it first uses four kinds of control packets to create 
multicast routes: Route Request (RREQ) and Route Reply (RREP) 
are for intra-cluster communication, while Cluster Head Route 
Request (CHRREQ) and Cluster Head Route Reply (CHRREP) 
are for inter-cluster communication. 
A typical packet exchanging procedure illustrated in fig. 4 
is explained as follows. The source CM uses the RREQ (1) 
packet to request its CH to start an inter-cluster route discovery, 
and the CH receiving this packet then starts a route discovery 
by broadcasting the CHRREQ (2) packet. The neighboring 
clusters’ CMs successfully decod-ing this CHRREQ (3) packet 
cooperatively transmit it to their CH, and then the receiving CH 
combines the signals receiving from the last-hop CH and its CMs. 
The cooperative transmission of the CHRREQ packet is repeated 
for each cluster to build up the routing information. Once the 
destinations’ CHs receive the CHRREQ packet, they re-ply the 
CHRREP (5–7) packet to the source CH, activating the chosen 
routing paths. Finally, the source CH notifies its source CM to 
start the data transmission by sending the RREP (8) packet.
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Fig. 3:

B. RREQ Phase
The RREQ phase invokes a route discovery procedure that consists 
of the following steps:

1. Intra-Cluster RREQ Transmission
If the multicast source is a CM, it asks its CH to start the inter-cluster 
route discovery by transmitting an RREQ packet. Otherwise, the 
procedure simply goes to step 2.

2. Inter-cluster CHRREQ Broadcasting
When the source CH receives the RREQ packet from the source 
CM or the CH itself is the source, it broadcasts a CHRREQ packet 
using PL2.

3. Cooperative Transmission Between Partner Clus-
Ters
Neighboring clusters receive the CHRREQ packet cooperatively, 
i.e., the CMs in neighboring clusters which successfully decode 
the packet will cooperatively transmit the packet to their CHs.
These signals are combined by the CHs utilizing the physical-layer 
cooperative transmission.

4. Routing Information Updating
A neighboring CH which successfully decodes the CHRREQ packet 
judges whether the received CHRREQ packet is a duplicated one 
or not. When the CH receives a dupli-cated CHRREQ packet, it 
only updates the MRT.Otherwise, it searches the CML to check 
whether itself is a destination CH. If not, the receiving CH updates 

the MRT,  re compute RAD, RMD and other required fields for 
the CHRREQ packet and re broad-casts this packet.

5. Phase Transition
Steps 2–4 are performed repeat-edly until the TTL of the CHRREQ 
packets is reached. Once a destination cluster is reached, the 
corresponding routing process moves into the RREP phase.

C. RREP Phase
When a destination CH receives a CHRREQ packet, it waits a 
small amount of time to collect a few more CHR-REQ packets and 
then transfers to the RREP phase. In this phase, the destination CH 
replies a CHRREP packet which assigns the forwarding clusters 
and establishes the routing paths. This forwarding cluster selection 
procedure per-forms as follows:

1. Minimum Hop Count Information Retrieving
The destination CH retrieves the minimum hop count information 
from all the received CHRREQ packets, and eliminates the routes 
whose hop counts are lar-ger than the minimum hop count.

2. Diversity Factor Computation
Diversity factor listed below is a score that indicates the suitability 
of being a forwarding cluster, and it is used by the destination CH 
to select a forwarding cluster among the remaining routes
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There may exist other more sophisticated formula-tions that can 
be applied in COMRoute to express the Diversity Factor (DF). 
During the RREP phase, we prefer to select a routing path with 
not only a high RAD but also a high RMD. With a high RAD, 
the destination can select a routing path with more cooperative 
partners, increasing as a proportional function of both RAD and 
RMD, as re-flected by the current Eq. (4).

3. Forwarding Cluster Assignment
The cluster with the largest diversity factor is chosen as the 
forward-ing cluster and its address is filled in the Forwarding 
Cluster Address field of a newly created CHRREP packet. The 
destination CH then broadcasts the CHR-REP packet.

4. Inter-Cluster CHRREP Cooperative Transmission
The neighboring clusters cooperatively receive the CHRREP 
packet. The cluster indicated in the Forwarding Cluster Address 
field becomes the forwarding cluster, and its CH sets the Activate 
field in its MRT to 1 and updates the corresponding routing 
information.

5. Route Establishment
The forwarding cluster’s CH repeats steps 1–4, but this time 
it replaces the role of the destination CH to assign the next.
forwarding cluster. This procedure repeatedly performs until the 
CHRREP packet reaches the source cluster. The Corresponding 
routing path is thus constructed 

CHREQ

CHREQ CHREQ

CHREQ CHREQ

CHREQ CHREQ

CHREQ CHREQ

DUPLICA
TE

Fig 4 CHREQ PHASEFig. 4: Chreq Phase

D. Data Transmission Phase
Once the source CH receives the CHRREP packet from all the 
destinations or a CHRREP timeout event occurs, itsends an RREP 
packet to notify the source CM to start the data transmission. 
Following the activated route in MRT, the data packets are 
cooperatively transmitted to the des-tinations. When the packets 
reach a destination CH, the CH communicates with the destination 
CM and transmits the data to it. Note that, we conduct the RREQ 
and RREP phases at the start of each routing cycle, and thus the 
routing paths are updated periodically. Besides, we do not need 
any extra control messages to refresh the routes. This method 

effectively reduces the control overhead and redundant packet 
transmissions.

ROUTE 1

14/3 C8

C1

C2
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Fig 5 forwarding cluster selectionFig. 5: Forwarding Cluster Selection

Note that COMRoute is a loop-free protocol. In this protocol, 
we consider two factors to build up multicast paths: shortest 
path to the source and diversity factors. The shortest path will 
be constructed from the destination cluster to the source cluster. 
If there are multiple shortest paths for the destination cluster to 
the source cluster, the CH will choose the path with the largest 
diversity factor. That is, a cluster has only one predecessor as its 
forwarding cluster. 
In this case, our COMRoute will construct a multicast tree of 
clusters. With such a tree therefore loop-free. Moreover, similar 
to many other existing on-demand source-based multicast routing 
protocols, our COMRoute uses a periodical updating procedure 
which renews the routing 
information per routing cycle to tackle the mobility issue.

CHREP

CHREP
CHREP

CHREP

Fig 6 CHREP PHASEFig. 6: CHREP Phase

Clearly, the shorter the routing cycle, the higher the position 
precision and also the control over-head. Thus, the setting of the 
routing cycle depends on the tradeoff between position precision 
and control overhead. 
However, as an on-demand source-based protocol, COM-Route 
needs to periodically update the routing paths only when nodes 
have data to send. That is, it will not generate any control packets 
when nodes have no data to transmit. Therefore, low traffic results 
in low control over head. 
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V. Cross - Layer Design
A cross layer design is designed by covering the bottom three layers 
such as physical, MAC and network layer. The  diagrammatic 
representation of the design is shown in fig 7. The physical layer 
transfers the received signal strength value to the top layers. The 
RSS value is captured for determining the cache expiry of all the 
individual links, so as to conserve the energy, at the same time 
life time of the battery will be improved.

Fig. 7: Cross Layer Framework

Henceforth, it improves the overall lifetime of the network. 
Mobility can be determined based on the connectivity changes 
with the neighbors. Connectivity change is found out using the 
value of RSS of the selected links.
Mobility is defined as the average change in distance over time 
between all nodes (in m/sec). When mobility of the nodes in a 
network is high, link errors frequently occur and this results in 
high stale route information in the route cache in DSR. Therefore, 
number of nodes that overhear is kept at a moderate level based on 
the RSS value. This ensures the stability of the selected route for 
a certain period of time. From this, it is clear that RSS determines 
the link quality. If RSS value is more, link quality will be good, 
otherwise link will likely to be broken soon.
A transmitting node is able to specify the level of overhearing 
based on mobility which in turn depends on RSS value.
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Fig. 8: Packet Delivery Ratio for the Given Number of Nodes
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The RSS value of these links such as link (i, j) are calculated based 
on the formula given in Eq. 6:
RSS = Pt(λ/4πd)n Gt Gr.    (6)           
Where:
λ = Wavelength
Pt = Transmit power
Gt and Gr= Represents the unity gain of Transmitting & receiving 
antenna.
d = The distance between the  transmitter & receiver  
n = The damping factor and its power decay                    
The Eq. 6 is modified based on the assumption that the interference 
is negligible and it is given in Eq. 2:
RSS = Pt/d

2     (7)                              

VI. Conclusion
In this paper, we proposed a cooperative multicast routing protocol, 
COM Route, which utilizes cross-layer design by physical-layer 
cooperative algorithm for reducing the amount of overhearing 
based on RSS value in a MoA cross layer framework is designed 
by combining the physical, MAC and network layer. RSS value is 
taken from the physical layer and it is used for finding the Mobility 
Parameter (MP). MP value determines the level of overhearing and 
rebroadcast probability of Ad-hoc Network into account for route 
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establishment, and thus achieved robust network connectivity. 
Moreover, our protocol also implemented  an energy efficient 
transmission, MAC-layer clustering, and network-layer multicast 
routing. COMRoute took the diversity.
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