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Abstract - Cooperative communication techniques have recently emerged as promising solutions for some challenges of 
wireless communications. The main challenge is relay selection algorithms according to the benefits expected from the 
cooperation. In this paper, we propose a new scheme of relay selection in MAC protocol of IEEE 802.11 standard which 
exploit multiple relay nodes during the cooperation. In proposed scheme, every relay node participates in cooperation 
proportionally to its provided cooperation gain. Simulation results demonstrates that our proposal improve the network 
performance in terms of throughput, fairness and network lifetime. 
 
Keywords - Cooperation, Relay selection, Fairness, Lifetime. 
 
I. INTRODUCTION  
 
Cooperative communications provide performance 
improvement by exploiting a new paradigm beyond 
the conventional point-to-point and point-to-
multipoint communication models. The broadcast 
nature of wireless channel results in the overhearing 
of the packets by the middle nodes between source 
and destination nodes. These middle nodes (relay or 
helper) can perform the forwarding when its 
participation leads to performance improvement. The 
capabilities of cooperative communication attract 
different wireless technologies and different OSI 
layers. The special features of IEEE 802.11 MAC, 
integrated in cooperative schemes, have led the 
research community to provide a diversified set of 
solutions for different challenges, from rate 
adaptation techniques at the PHY to service 
differentiation at the application layer and even cross 
layer approaches [1-4].  
 
To achieve the objectives of cooperative IEEE 802.11 
MAC protocols, relay selection mechanism is very 
important. The relay selection mechanism impacts on 
different aspects of network performance such as 
spectrum efficiency, reliability, quality of service, 
energy efficiency and fairness.  
 
In this paper, we propose a new relay selection 
scheme in IEEE 802.11 MAC which exploits multiple 
relay nodes for cooperation. The relay nodes are 
selected based on their usefulness in cooperation and 
the level of participation in cooperation is determined 
according to their provided gain. The rest of the paper 
is organized as follows: Section II discusses the state-
of-the-art of existing cooperative protocols. The 
proposed relay selection algorithm is described in 
Section III. In Section IV, we present the simulation 
results of our scheme in IEEE 802.11n standard. 
Section V concludes the paper and presents the future 
directions.  

II. RELATED WORKS  
 
The original cooperative MAC protocols in IEEE 
802.11 standard improve the network throughput by 
exploiting one optimum relay node providing the 
lowest delay. CoopMAC [5][6] and rDCF [7] are the 
earliest protocols in this category. In CoopMAC 
[5][6], only the best relay node is chosen by each 
source node after collecting the information of 
transmission time by overhearing the control and data 
packet exchanged between its neighbors. This 
information is stored in a database called CoopTable. 
When the source node has a packet to send to an 
intended destination, the optimal relay node is 
selected from the CoopTable. Similarly, rDCF 
protocol employs the same relay selection mechanism 
with the minimum transmission time as the metric 
and one winning relay node. However, the main 
difference between CoopMAC and rDCF protocols is 
that the former obtains the decision information 
completely from overhearing but the latter use 
overhearing to get primary information and then 
perform broadcasting this information to neighbors. 
The next protocol of this category is ADC-MAC [8] 
which employs the minimum transmission rate as a 
metric. In this protocol, a pure two hop transmissions 
are used when there is no available direct 
transmission. In this protocol, the information of less 
transmission time is broadcasted after the primary 
overhearing. Some protocols such as RAMA [9] and 
EMR [10] exploit the metric of less transmission time 
with some modifications. In RAMA, the highest data 
rate is the metric for relay selection and the final relay 
is chosen through a random contention mechanism. 
The EMR selects the highest effective throughput as a 
metric and the winning relay is selected through a 
priority-based contention between relay candidates. 
The other protocols fitting this category can improve 
the performance of IEEE 802.11 MAC protocol by 
some special techniques and features such as frame 
aggregation in CoopMACA [11] and RRS-CMAC 
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[12], concurrent transmissions in CCMAC [13], 
network coding in CODE [14] and EAP-CMAC [15], 
opportunistic method of relaying in ORP [16], cross-
layer approach in MACR-CCT [17], interference 
reduction in CLS-MAC [18] and contention-based 
relay selection in RCD-MAC [19] and CRP-CMAC 
[20]. 
 

 
Fig. 1. Example of cooperation with several relay nodes 

 
In the second category of cooperative MAC 
protocols, the cooperation condition and cooperation 
metric are dependent to power parameters such as 
SNR and SINR. As an example, in opportunistic 
relaying (OR) [11][12], each relay node estimates the 
“instantaneous channel conditions” from overhearing 
of control packets. Then, the relay which is able to 
provide the highest SNR will transmit a flag to 
corresponding source and destination nodes. Another 
example of this category is a cooperative proposal 
referred in [13] which power channel information 
between source, destination and potential relays are 
evaluated by each source node. The relay node 
providing the maximum power ratio is the winning 
node. The operation of UTD-MAC protocol is 
improved by other protocols with special features 
such as coding schemes in CMAC [22] and CD-MAC 
[23], ARQ-based cooperative MAC schemes in 
NCSW [24] and PRCSMA [25], and Network coding 
in NCCARQ-MAC protocol [26].  
 
Nevertheless, existing protocols select the best relay 
node based on the maximum available rates only and 
this leads to reuse of the same relay again and again. 
This would drain the energy of the selected relay, its 
outage and thus losing a good cooperative partner. In 
our proposed protocol, we design an efficient scheme 
to provide a fair relay selection algorithm that can 
select the potential relays based on their cooperation 
gains. This would result in network performance 
improvements. 
 
III. SYSTEM MODEL  
 
In this section, we present our proposal for multiple 
relay selection scheme in MAC protocol of IEEE 
802.11 standard. In an ad-hoc scenario (Fig. 1), there 
exist several relay nodes (Ri) for a given pair of 

source (S) and destination (D). To find the potential 
relay node candidates, we employ a metric called 
Cooperation Gain which can be calculated by  

 
Where, RSri, RriD and RSD are the data-rates of 
source-relay, relay-destination and source-destination 
respectively. These parameters are obtained from 
overhearing the data packets and the control packets. 
Clearly, the CGi value more than one can provide 
beneficial cooperation. Those relay nodes providing 
the beneficial cooperation (e.g. CGi>1) are 
maintained in a cooperation database. To determine 
the cooperation level (CL) of existing relay nodes in a 
database, we need to define a parameter as follows: 

 
Where, min(CGi) is the minimum value of CGi 
existing in cooperation database and [f(.)] denotes the 
greatest integer function. The CLi values determine 
the cooperation level of all potential relay nodes. The 
number of packets which the source node allocates to 
each relay node is equal to its CLi value. As a simple 
example, all possible relay nodes in an IEEE 802.11b 
network are indicated in Table 1 when direct 
transmission of S-D link is 1Mbps (RSD = 1Mbps). 
According to this table, the ratio of relayed data 
packets is 4, 2 and 1 for relays having the cooperation 
gain of 5.5, 3.67 (and 2.75) and 1.67 (and 1.47) 
respectively. 
 

 
Table 1: Cooperation Level in IEEE 802.11b (RSD=1 Mbps) 

 
Each time a source node has data packets to send, it 
allocates the data packet to each relay proportionally 
to its CLi parameter and the cooperation database is 
updated as follows:  
 For a new added relay node, CGi and CLi are 

calculated by Eqn. (1) and Eqn. (2) 
respectively.  

 For an existing relay node in cooperation 
database, its CLi is decreased by one if a 
transmission via the selected relay is failed and 
it does not change for each successful 
transmission.  

 The relay node is removed from Cooperation 
database when its CLi= 0. However, the 
removed node can be added to Cooperation 
database after a timeout.  

 The mechanism of sending the control packets 
and the data packets between source, relays 
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and destination is similar to CoopMAC 
protocol [5].  

 
IV. SIMULATION AND RESULTS  
 
In this section, we simulate a MANET with IEEE 
802.11 DCF, original CoopMAC protocol [6] and 
CoopMAC protocol enabled by our proposal using an 
event driven simulator developed in the INET 
Framework of the OMNET++ [28]. The simulations 
were configured as default parameters of IEEE 
802.11n standard which are summarize in Table 2. 
The simulation time is 100 seconds with transmitted 
power of 100mW, packet size of 1024 bytes 
generated at a constant bit rate (CBR) of 2 Mbps 
UDP. Packets are transmitted at multi-rate mode for 
BER<10-5 (Table 3). We used the Friis free space 
propagation model with path loss exponent of 4. The 
nodes are uniformly distributed over an area of 600 m 
× 600 m. In order to get established results, the 
curves presented were averaged over 50 runs.  
We evaluate our proposal in terms of three major 
performance metrics. The first metric is average 
network throughput, which is the average data rate at 
the destinations. The second metric is network 
lifetime, which is measured the time that first node in 
the network runs out of energy. The final 
performance metric is time fairness, which every 
relay node has equal transmission time, and therefore 
a relay node with a high CLi value (or a low CLi 
value) forwards more (or less) packets. To evaluate 
the time fairness of each node, we apply the Jain’s 
fairness index as in [27]. 
 

 
Where xi denotes the total data transmission time 
occupied by node i among n nodes.  
As indicated in Fig.2, our proposed algorithm applied 
to CoopMAC protocol outperforms the original 
CoopMAC protocol and IEEE 802.11 DCF in term of 
the average network throughput when the number of 
nodes increases. Our proposal improves the spectrum 
efficiency of CoopMAC protocol by participating all 
existing relay nodes in cooperation according to their 
beneficial performance. Whereas, original CoopMAC 
protocol is limited to the best relay node which 
presents the lowest transmission delay.  
 
The network lifetime improvement of our proposal 
can be seen in Fig. 3 when the number of nodes 
changes. As expected, CoopMAC protocol achieves 
minimal lifetime because the best relay nodes always 
forward packets for other nodes. The continual use of 
the best relay nodes in cooperation results in relay 
node outage and reduction of network lifetime. The 
energy of each node in DCF protocol is only 
consumed by direct transmission to destination and 
there exit no overhearing and forwarding due to 

cooperation. Therefore, the lifetime of DCF protocol 
indicate better performance in comparison to two 
other protocols. Our proposed relay selectin scheme 
provides a balanced energy consumption. Moreover, 
it exploits the energy capacity of all nodes in the 
network. Thus, its lifetime outperforms CoopMAC 
protocol while the forwarding mechanism leads to its 
degradation in comparison to DCF protocol.  
Fig. 4 indicates the time fairness of the proposed 
algorithm as the number of nodes increases. It is 
observed that our proposal provides better time 
fairness than other schemes. Since the DCF scheme 
and CoopMAC protocol are not originally designed 
for time fairness, their fairness index is lower than 
our proposal. This is due to the fact that the proposed 
scheme improves the time fairness based on high 
utilization of all existing relay nodes. Hence, all relay 
nodes with different cooperation gain have more 
chance to participate in cooperation and to forward 
the packets.  
 
CONCLUSIONS  
 
In this paper, we propose a new relay selection 
algorithm in IEEE 802.11n standard. The main goal 
of this proposal is to improve the network 
performance which participate all relay nodes in 
cooperation according to their cooperation gains. The 
number of forwarding packets by every relay node is 
proportional to its cooperation gain.  
 

 
Table 2: Simulation parameters of IEEE 802.11n 

 

 
Table 3: Data rates and approximated transmission ranges of 

802.11n 

 
Fig.2. Network throughput vs. number of nodes 
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This allocation is performed by the source node and 
after it evaluate the relay links and their reliability. 
The simulation results of our proposal demonstrates 
the proposed relay selection scheme improves the 
performance in term of throughput, lifetime and time 
fairness. 

 
Fig.3. Network lifetime vs. number of nodes 

 

 
Fig.4. Time fairness vs. number of nodes 
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