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ABSTRACT 

In this paper, we propose cooperative communication scheme using multiple relays to improve the throughput 

of IEEE 802.11x wireless LAN. The proposed scheme performs cooperative communication with a terminal 

supporting a high data rate in order to solve the problem that a total network throughput is greatly reduced when 

a terminal supporting a low data rate occupies a channel. Also, the multi-hop routing is performed to optimize 

the performance of cooperative communication. According to the simulation results, the proposed cooperative 

communication scheme improves the reduction rate of the throughput even if the number of terminals 

supporting a low data rate increases in the entire network. 
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I. INTRODUCTION 
IEEE 802.11x wireless local area network 

(LAN) has been built as a broad network 

infrastructure based on access points (APs) and 

continuously expanding. Although IEEE 802.11, 

which was released as the first protocol of IEEE 

802.11x in 1997, supported only two data rates of 1 

Mbps and 2 Mbps in the 2.4 GHz band, the 

subsequently released protocols such as IEEE 

802.11a, g, n, and ac have been changed to support 

different data rates in according to channel condition 

[1]. Therefore, IEEE 802.11x has an advantage that 

can support an adaptive data rate according to the 

channel environment such as the number of 

terminals, coverage, etc. of the area where the AP is 

installed. 

IEEE 802.11x wireless LAN ensures fair 

transmission of terminals by applying the same 

distributed coordination function (DCF) to all 

distributed terminals within AP coverage. When a 

terminal supporting a low data rate in outside of AP 

coverage occupies a channel, even if the data with 

same size is transmitted, the channel is occupied for 

a long time compared with a terminal supporting a 

high data rate [2]. Therefore, the throughput of entire 

network is decreased by the reduction of the 

available channel time for the terminals supporting a 

high data rate. In order to solve the problem for 

reduction of the total network throughput, the papers 

proposed the methods for setting with the different 

back-off slot or different frame size for each 

transmission group. However, these approaches 

reduce the transmission opportunity of terminals 

supporting a low data rate and it has a problem of 

fairness [3]. In order to solve the problem for 

fairness, when a relay terminal supporting a high 

data rate occupies a channel, the cooperative 

communication system that transmits data of 

terminal supporting a low data rate was proposed 

[4]. 

In this paper, we propose a multi-hop 

routing cooperative communication scheme to 

reduce the decrease of the total network throughput 

by the terminals supporting a low data rate in the 

IEEE 802.11x wireless LAN. 

 

II. SYSTEM MODEL 
Fig. 1 shows the system model of proposed 

cooperative communication scheme. Within the 

coverage of AP, because the terminals near the AP 

have a less path loss in according to the distance and 

are less affected by the fast fading in according to 

path change between the AP and the terminal, it can 

support the modulation and coding scheme (MCS) 

with high data rate. However, because the terminals 

located outside of AP coverage have a large path 

loss and are vulnerable to fast fading, it can support 

the MCS with low data rate.  
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Fig. 1: Grouping model in according to AP-terminal distance in IEEE 802.11a wireless LAN 

 

It is assumed that the protocol of the system 

is IEEE 802.11a. The coverage of AP is assumed to 

be 100m. Also, as shown in Fig 1, each group using 

MCS that supports 9Mbps, 18Mbps, 36Mbps, 

54Mbps in according to the distance between the AP 

and the terminal is defined. The relay terminal is 

defined as a terminal belonging to group 1, 2, 3, and 

the relay terminal transmits the data of the source 

terminal together with its own data. 

 

III. MULTI-HOP ROUTING 

COOPERATIVE 

COMMUNICATION 
The received signal of relay terminal is represented 

as follows, 

,Y HX I n     (1) 

where H is the impulse channel response 

and X is the transmitted signal. Also, I is the 

interference and n is additive white Gaussian noise 

(AWGN). In this equation, because I has a 

Gaussian distribution as the number of relays 

increases, the sum of I and n can be represented as 

Gaussian. Therefore, Eq. (1) can be represented as 

follows, 

,Y HX N    (2) 

where N is a variable of Gaussian distribution for 

the sum of interference and AWGN. 

The detection scheme is minimum mean 

square error (MMSE) that detects signal using N . 

The purpose of MMSE detection is to minimize 

mean square error (MSE) of the received signal and 

transmittable signal, together with Gaussian 

distribution. It can be represented as follows, 
2( )H HG inv H H I H    (3) 

where 
2 is the variance of noise, I is a 

unit matrix, and ()H
is Hermitian operation. By 

multiplying the received signal with G and 

performing hard decision in according to the 

modulation scheme, the demodulation is possible. 

Fig. 2 shows the routing process in 

according to the time slot. The source terminal in the 

group 4 transmits the signal to the relay terminals in 

the group 1, 2, and 3 during the 1st time slot. The 

relay terminals that receive signal from the source 

terminal during the 1st time slot transmit the channel 

state between the source terminal and itself to the 

relay terminals in the group 1 and 2 during the 2nd 

time slot. Also, the relay terminals that already 

receive the signal from the source terminal ignore 

the signal from the relay terminals. Sequentially, 

during the 3rd time slot, the relay terminals that 

receive signal during the 2nd time slot transmit the 

channel state for the passed route during the 1st and 

the 2nd time slot to the relay terminals in group 1 

and 2.  
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Fig. 2: Route search process in according to time slot 

 

Finally, during the 4th time slot, the relay 

terminals that receive signal during the 3rd time slot 

transmit the channel state for the passed route during 

the 1st , the 2nd, and 3rd time slot to the relay 

terminals in group 1. 

The best way to select a route is to compare 

the magnitude of the channel for each route. The AP 

acquires the average of the channel magnitude for 

each route in according to the number of relay 

terminals and selects the route with the largest value. 

This can be represented as follows,  

1 2 3 4max( , , , ),selH H H H H      (4) 

where selH is the average of the channel 

magnitude of selected route and 1H , 2H , 3H , 

4H  are the average of acquired channel magnitude 

during the 1st, the 2nd, the 3rd, and the 4th time slot, 

respectively. Also,  ,  ,  ,   are the value that 

adjusts the average of channel magnitude in 

according to the number of relay terminals. Because 

there is a possibility of demodulation error in each 

relay terminal, the weight is given to the route with 

fewer relay terminals. 

 

IV. SIMULATION RESULTS 
Because the throughput of the entire 

network is significantly reduced by the terminals 

supporting a low data rate, the simulation of the 

proposed cooperative communication is performed 

while the number of terminals in the group 1, 2, and 

3 is kept and the number of terminals in the group 4 

is changed. The schemes compared with the 

proposed scheme are the conventional IEEE 802.11a 

and 2 ~ 4 hop cooperative communication without 

the routing.  

If the number of terminals in the group 4 is 

large in the network, the average throughput is 

decreased by the reduction of the available channel 

time for the terminals supporting a high data rate. 

The average throughput is improved by using 

cooperative communication that a terminal 

supporting a high data rate transmits the data of the 

terminal supporting a low data rate. However, if the 

cooperative communication is used without routing, 

the possibility of demodulation error in the relay 

terminals is increased in according to the number of 

terminals in the group 4. Also, the problem causes a 

significant performance degradation as the number 

of relay terminals increases. To solve the problem, 

the proposed scheme uses the routing scheme 

considering the channel of entire route and imporves 

the routing performance by using the weight in 

according to the number of relay terminals. The 

simulation results show that the proposed scheme 

improves the reduction rate of the throughput even if 

the number of terminals supporting a low data rate 

increases in the entire network 

 

V. CONCLUSION 
The multi-hop routing cooperative 

communication is proposed to minimize the 

reduction of the average throughput by channel 

occupation of the terminal supporting a low data rate 

in IEEE 802.11x wireless LAN. The proposed 

scheme allows terminals supporting a high data rate 

to transmit data of a terminal supporting a low data 

rate. The route of cooperative communication is 

determined by routing considering the entire channel 

of transmitted data. Also, the weighting is used to 

improve the possibility of demodulation error at 

each relay terminal. According to the simulation 

results, the proposed cooperative communication 

scheme improves the reduction rate of the 

throughput even if the number of terminals 

supporting a low data rate increases in the entire 

network. 
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Fig 3: Comparison of proposed and conventional scheme 
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