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Abstract:



This paper presents log likelihood ratio (LLR) based relay selection scheme for a cooperative amplify and forward relaying system. To evaluate the performance of the aforementioned system model, a three state Markov chain based fading environment has been presented to toggle among Rayleigh, Rician, and Nakagami-m fading environment. A simulation is carried out while assuming that there is no possibility of direct transmission from the source and destination terminal. Simulation results on the basis of Bit Error Rate (BER), Instantaneous Channel Capacity, and Outage probability have been presented and compared for different cases. In each case, the best performance of the proposed algorithm is obtained with a Binary Phase Shift Keying (BPSK) modulation scheme.
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1. Introduction


The relentless demand for data in wireless networks has revealed some communication constraints. In fact, wireless links have always had a lower bandwidth limit than wired links. This limit forces users to use applications reminiscent of wired networks from several decades. New technologies like multiple-input and multiple-output (MIMO) systems increase the bandwidth in number of bits per second per hertz with the help of techniques like spatial multiplexing, and improve the reliability (and coverage) of the wireless link by exploiting the spatio-temporal coding and the directionality of the antennas (beamforming). However, all these improvements can be realized at the cost of several radio frequency (RF) components at the transmitter and the receiver. In addition, the size of mobile equipment may limit the number of antennas to be deployed. Even if MIMO technology is feasible, other constraints on the allocation of frequency bands to users are encountered due to historical and regulatory reasons. With this limitation, the free frequency bands show a lot of interference because of the large number of users. In order to solve these problems, the concept of cooperation between users is introduced. In a cooperative communication, several relay nodes operate together with the source node to transmit the information to the destination. Therefore, the exploitation of MIMO techniques becomes possible without the need to locate several antennas at the nodes of the network. Communication thus benefits from spatial diversity since the signals are transmitted over independent fading channels, which ensures better detection to the receiver. Cooperation techniques take advantage of the broadcasting property of the wireless signals. The fact that the signal from a source to a destination can be “listened to” by neighboring nodes allows the later to process the “listen” signal and to transmit it to the destination. The concept of cooperative diversity emerged with the study of a multi-way channel proposed by Van Der Meulen, where the author discussed the problem associated with the three terminal communication system and provided bounds on the capacity of the relay channels [1,2]. Sendonaris et al. were first to propose the application of diversity to enhance system performance, the authors have proposed a cooperative beamforming where source and relay nodes perform a phase adjustment to facilitate the coherent reception of multiple copies at destination node [3,4]. A major work on a cooperative diversity scheme was done by Laneman et al., namely, fixed relaying, incremental relaying, and selected relaying with single source-relay and destination with no availability of channel state information (CSI) at transmitter end [5,6]. To overcome the problem of spectrum inefficiency caused by use of relaying terminals, relay-selection schemes have been proposed in the literature. Several researchers have proved the significance of using log-likelihood ratio over SNR based schemes as log likelihood ratio (LLR) magnitude provides the reliability of hard decision. Therefore, this paper presents a LLR based dual-relay selection scheme for cooperative amplify and forward relaying system. Furthermore, a time varying characteristic of the fading environment is modelled through a three state Markov Channel.



The rest of this paper is organized as follows: In Section 2, related work on the relay selection in a cooperative communication system has been elaborated. In Section 3, a LLR based dual relay selection scheme is discussed. In Section 4, the simulation results for the proposed scheme have been presented and, finally, Section 5 concludes this paper.




2. Related Work


Some important works on relay selection include Bletsas et al. [7,8], where the authors present a simple approach to select the best possible candidate to support the source node in forwarding its information with the help of the measurement of the instantaneous channel conditions. Siriwongpairat et al. [9] have proposed a threshold selection based relaying scheme for a cooperative decode and forward system. Michalopoulos [10] has presented an optimized user selection approach for amplifying and forward relaying method. The performance of cooperative diversity systems can be further enhanced through proper resource selection. In this regards, B. Kumbhani and R.S. Kshetrimayum have derived a closed form of expression for the outage probability for a transmit antenna selection MIMO system under a [image: ] fading channel [11]. Practical application of the cooperative relaying technique in a cellular network is discussed by A. Papadogiannis and G. C Alexandropoulos. Authors have evaluated the performance of proactive and reactive relay selection in cooperative relaying techniques over a dynamic Nakagami-m fading channel in the presence of inter channel interference for a cellular network for an adaptive transmission scenario and calculated the simulation results based on the average system capacity and outage probability for various cases of fading [12]. In another work, G. C Alexandropoulos et al. [13] presented a generalized framework for a DF relaying scheme and derived a closed-form expression for outage probability and symbol error rate for repetitive transmission technique and relay selection technique for different modulation schemes under a Nakagami-m fading channel. The authors have shown that relay selection based techniques are useful only when the channel state information for relay node is perfect. L. Xuet al. has analyzed the performance of a decode and forward relaying scheme for transmit antenna selection. The authors have also analyzed the outage probability of a system for a Nakagami fading environment [14]. To improve the performance of a multi-user cooperative AF system, a user-relay assignment based antenna selection scheme is presented by Z. Bai et al. [15]. The proposed scheme uses best relay selection in conjunction with an antenna selection to improve the throughput performance of the system. The application of a cooperative relay selection to overcome the problem of data transmission in a power line communication (PLC) system is presented by B. Nikfar and A. J. H. Vinck [16]. The authors have proposed a two-hop communication scenario to overcome the transmission losses in a PLC system. In other work, the application of a relay selection scheme is used to improve the secrecy outage probability in half-duplex cognitive radio networks [17]. The authors have proposed a K-best relay selection scheme for optimal relay selection and partial relay selection and derived a closed form of expression for secrecy outage probability in the case of multiple eavesdroppers and multiple primary users. Alexandropoulos et al. have analyzed the performance of dual hop-DF relaying scheme with pure and rate-selective relay selection over a Nakagami fading environment. It is assumed that the direct link between source-to-destination is active and relay selection is done only when the direct link is weak. The authors have also derived closed-form expression for outage probability and average symbol error probability (ASEP) using MGF (moment gathering function) and CDF (cumulative distribution function) [18]. In another seminal work, Alexandropoulos analyzed the performance of a dual-hop DF relaying scheme over an arbitrary Nakagami fading channel and derived the closed-form expression for (ASEP) using MGF [19]. USH verma et al. [20] presented the application of a cooperative relay selection scheme to improve the data rate and throughput performance of a LTE system. The proposed relay selection scheme uses error rate performance as a selection criterion. CMK swain and S Das [21] have investigated the performance of a cooperative relay selection on an IEEE 802.16j MMR WiMAX network. The authors used a MAX-MIN and Harmonic Mean relay selection criterion to analyze the system performance. Recent research has shown the significance of the log likelihood ratio in improving the performance of a communication system. Several researchers have also mentioned its importance in improving the performance of cooperative diversity systems. S.W. Kim and E.Y. Kim [22] proposed an optimal antenna selection scheme to minimize bit error probability based on a log-likelihood ratio test. Palat et al. [23] have suggested an LLR based adaptive relaying technique based on a selective decode and forward transmission strategy and provided expression for optimal LLR threshold for minimum average bit error rate (ABER) requirement. A. Mahdy and A. Walled [24] have provided a LLR threshold based relay selection and channel estimation scheme for cooperative decode and forward relaying technique using Binary Phase Shift Keying (BPSK) modulation. Most of the research work on the cooperative diversity approach does not contain the time-varying characteristics of fading channels. Since wireless propagation environment changes its nature depending on various things, it is always a good option to characterize a fading channel as a Markov chain with the limited number of stages based on an actual variation of the channel. H.S.Wang and N. Moayeri [25] were first to provide the application of the Markovian process in fading channels and have given the idea of a finite-state Markov channel (FSMC). Later Q. Zhang and S.A. Kassam [26] formulated the finite state Markov channel for Rayleigh fading environment through partitioning a received SNR in different states. Babich et al. [27] provided a generalized Markov model to represent flat fading environment with the impact of white Gaussian noise.




3. System Model


Let us consider a network comprised of three types of devices: a source, [image: ]-relays and a destination, all equipped with a single antenna. The relay nodes do not provide any additional traffic to the destination and the nodes are assumed to be half-duplex, that is, one node cannot transmit and receive simultaneously. The transmission of information occurs during two temporal phases of the same duration. The first phase is known as the “broadcast phase”, where the source node broadcasts its information without redundancy during symbol periods. The relay nodes amplify (or detect and decode then re-encode) the symbols received and transmits it in the “relaying phase” where the relay nodes send the received symbols (refer Figure 1). It is assumed that the source-destination link is corrupt, so the destination does not take into account the signal originally transmitted in the broadcast phase.


Figure 1. General block diagram of cooperative diversity system.



[image: Futureinternet 10 00087 g001]






According to the given system model, the received signal at [image: ] relay in first phase can be given as:


[image: ]



(1)




where [image: ] is the channel coefficient present between source and [image: ] relay, [image: ] represent transmitted symbol from source, [image: ] represents the additive white Gaussian noise (AWGN) noise with zero mean and [image: ] variance and [image: ] presents the average energy per symbol. In the next step, the best relay to destination pair is selected using a Log Likelihood ratio to forward the received signal in its first phase. The best relay pair [image: ] is selected such that:


[image: ]



(2)




where [image: ] represents LLR magnitude of signal received at [image: ] relay in first phase given as:


[image: ]



(3)







The magnitude of LLR in Equation (3) represents the reliability of hard decision whereas its sign represents hard decision value. Furthermore, the bit error probability at ith relay i.e., [image: ] is related to LLR magnitude as [22]:


[image: ]



(4)







According to the relationship provided in Equation (4), relay with maximum LLR magnitude will result in the lowest error possible. In the second phase, the selected relay pair will forward the signal received in the first phase with an amplification factor given as [image: ]. Therefore, the received signal at the destination after the second phase of the transmission is given as:


[image: ]



(5)







At the receiver end, the signal received from the two relays are combined using a maximal ratio combining (MRC), the combined signal will be:


[image: ]



(6)




where [image: ] represents signal received at from relay-1 and relay-2 respectively and parameters [image: ] and [image: ] are known as link weights, the values of these link weights are determined such that signal strength of received signal at MRC output is maximum. These weights can be calculated as [image: ] and [image: ]. Assuming the average energy of transmitted signal [image: ] to be unity, the value of instantaneous SNR [image: ] at the destination node using the MRC receiver can be given as:


[image: ]



(7)







Considering the case of a coherent BPSK Modulation scheme, the conditional Bit Error Rate Probability for L-Branch diversity, [image: ] can be given as [28]:


[image: ]



(8)







For coherent BPSK modulation, [image: ], and Q(.) represents Gaussian Q function.



The average Bit Error Rate of binary signals using the probability density function (PDF) of the corresponding fading distribution can be given as:


[image: ]



(9)




where [image: ] represents fading distribution of [image: ]. According to the considered case of the three state Markov channel, the [image: ] can toggle among Rayleigh, Rician and Nakagami distribution and its corresponding value will be:



Case-1: For Rayleigh Fading Environment


[image: ]



(10)




where [image: ] represents SNR per bit per path and [image: ] represents SNR per bit.



Case-2: For Rician Fading Environment


[image: ]



(11)




where K represents ratio between the power in direct path and indirect path, and [image: ] represents total available power from all paths. Furthermore, [image: ] represents modified Bessel function of 0th order.



Case-3: For Nakagami Fading Environment


[image: ]



(12)




where m is known as shaping parameter and [image: ] is controlling spread.



This section is further explained to provide a concise and precise description of the experimental results, their interpretations and the experimental conclusions that can be drawn.



Finite State Markov Channel Modeling


The channel coefficients between source-to-relay and relay-to-destination links are assumed to be modeled with the Markovian process with three states representing a transition between Rayleigh, Rician, and Nakagami fading environments as shown in Figure 2.


Figure 2. Three-State Markov process with state-A being Rayleigh Fading, State-B represents Rician Fading and State-C represents Nakagami-m fading channel.
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State-A represents Rayleigh fading environment, state-B represents Rician fading environment and State-C represents Nakagami fading environment with [image: ] being transition probability from Rayleigh to Rician fading, [image: ] being transition probability from Rician to Nakagami fading and [image: ] represents transition probability with Nakagami to Rayleigh fading environment and vice versa. These transition probabilities can be given by transition probability matrix P:


[image: ]



(13)




and corresponding steady state vector for three state Markov chain is given by:


[image: ]



(14)




where [image: ] is the steady state probability vector and [image: ] are steady state probabilities for state A, state B, and state C respectively.



Based on the values defined in Equations (13) and (14) value of [image: ] can be determined, which follow Rayleigh, Rician, or Nakagami fading environment.





4. Results and Discussion


This paper presents a LLR based relay selection scheme over three state Markov channel model. MATLAB based simulation has been presented, consisting of a single antenna source, destination, and a set of relaying nodes. The simulation is carried out by considering a three-state Markovian process where the first state represents a Rayleigh fading environment, the second state represents a Rician fading environment, and the third state represents a Nakagami fading environment. To simulate system performance, four cases of transition probability have been considered. For the first case, transition probability to toggle among Rayleigh, Rician, and Nakagami fading is set to be equal; i.e., 1/3—and accordingly a transition probability matrix has been defined. The second case represents the simulation of a Rayleigh fading channel through Markov chain, transition probability moving from any state to a state representing Rayleigh fading channel is set to 1, as provided in the transition probability matrix defined for the Rayleigh fading scenario. Similarly, the transition probability matrix for a Rician and Nakagami fading scenario using a Markov chain has been created and defined through their transition probability matrix, respectively. Simulation parameters as discussed above are presented in Table 1. Furthermore, a general case of transition probability representing random variation among Rayleigh, Rician, and Nakagami fadings is also presented in Table 1 for reference purposes. Bit Error Rate (BER) and Channel Capacity are used to evaluate the system performance.


Table 1. Simulation Parameters.





	Modulation Scheme
	BPSK, QPSK





	Power Allocation Factor
	0.5



	SNR Range
	0:2:20



	Transition Probability [image: ] (General case for Example)
	[0.1 0.7 0.2; 0.0 0.4 0.6; 0.1 0.2 0.7]



	Fading environment
	Three state Markov channel with Rayleigh, Rician, and Nakagami channels



	Frame Length
	256 bit



	Variance S-R, R-D and S-D link
	1



	Transition probability matrix with equal probability
	[image: ]



	Transition probability matrix with Rayleigh only
	[image: ]



	Transition probability matrix with Rician only
	[image: ]



	Transition probability matrix with Nakagami only
	[image: ]









Bit Error rate comparison for proposed LLR based relay selection scheme for a three state Markov channel is presented in Figure 3a,b. Figure 3a represents simulation for BPSK modulation scheme with no source to destination link available while Figure 3b represents a simulation for Quadrature Phase Shift Keying (QPSK) modulation.


Figure 3. Bit Error Rate Comparison of a log likelihood ratio (LLR) based relay selection scheme for different values of Transition Probability for (a) Binary Phase Shift Keying (BPSK) Modulation and (b) Quadrature Phase Shift Keying (QPSK) Modulation. Without Source to Destination Link.
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In case of BPSK modulation scheme (Figure 3a), the best BER performance is achieved when the transition probability matrix representing Nakagami fading is selected, where BER of the order of 10−6 is achieved at 16 dB SNR value. In the case of QPSK modulation it achieves 10−6 level at 20 dB SNR for the same parameters.



Figure 4a,b presents a BER comparison for a LLR based relay selection scheme with a direct link present between the source to destination node for the BPSK and QPSK modulation scheme, respectively. For this simulation scenario, transition probabilities are set the same as previous the case and LLR is used to find the best relay node. In the case of the BPSK modulation scheme (Figure 4a) the best BER performance is achieved when the transition probability matrix representing only Nakagami fading is selected, where BER of the order of approx. 3 × 10−5 is achieved at 10 dB SNR value. While in the case of QPSK modulation, the best achieved BER is approximately 4 × 10−5 and is achieved at the 12 dB SNR value.


Figure 4. Comparison of LLR based relay selection scheme for different values of Transition Probability with Source to Destination Link.
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Figure 4c presents a channel capacity comparison for LLR based relay selection scheme under different transition probabilities. It can be observed that the maximum achievable channel capacity is provided under only the Rician fading environment, which is found to be approx. 6.5 Bits/s/Hz at 20 dB SNR.



Figure 5 presents (a) LLR based single relay selection scheme (LLR-1 Relay) with source to destination link and (b) LLR based on two relay selection schemes (LLR-2 Relay), with no source to destination link for transition probability and only Nakagami fading environment. The BER comparison of the LLR based relay selection scheme with a source to destination link and without a source to destination link is presented in Figure 5a. An outage comparison for the given scenario is presented in Figure 5b. The threshold of the outage analysis is set to be at an error value greater than 10−4. It can be seen that the addition of a source to destination link improves the BER of a proposed scheme as a zero-error point with direct link is found to be at 10 dB SNR, 6 dB better as compared to a system without a direct link, which is found at 16 dB SNR for the considered case with transition matrix presenting equal probability for all considered fading scenarios. Clearly the system with a direct link provides better outage behavior when compared to a system without direct link.


Figure 5. Comparison of LLR based relay selection scheme with Direct and Indirect Links.
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Finally, the channel capacity comparison for the considered scenario is presented in Figure 5c. The channel capacity performance of system with direct link is comparably better too.



Table 2 presents a BER comparison for a LLR based relay selection considering a source to destination link and relay to destination link with transition probability of a Nakagami fading environment (Figure 4a) and LLR based on two relay selection schemes (LLR-2 Relay), with no source to destination link for transition probability with only a Nakagami fading environment (Figure 5a).


Table 2. Bit Error Rate (BER) comparison for scenarios presented in Figure 4a and Figure 5a.





	SNR
	Figure 5a
	Figure 4a





	0
	0.231033203125000
	0.231768750000000



	2
	0.132341406250000
	0.133731640625000



	4
	0.050177343750000
	0.050139453125000



	6
	0.009687500000000
	0.009872265625000



	8
	0.000767578125000
	0.000750000000000



	10
	0.000024609375000
	0.000039843750000



	12
	0
	0.000000390625000



	14
	0
	0



	16
	0
	0



	18
	0
	0



	20
	0
	0










5. Conclusions


This paper proposes an optimal relay selection method among a set of relay nodes using a LLR test. To consider the impact of a common communication scenario, a three state Markov channel based simulation framework is presented to toggle the communication channel among Rayleigh, Rician, and Nakagami-m fading environment. Simulation results on the basis of BER, channel capacity, and outage probability are presented and compared on the basis of the availability of a communication link between the source and destination nodes for a single and multiple relay selection scheme. On the basis of the presented results it is concluded that the proposed scheme provides zero error performance with SNR as low as a 10 dB fading environment for the case of a single relay with source-destination link case for equal probability for Rayleigh, Rician, and Nakagami. While the maximum instantaneous channel capacity offered by the scheme is approximately 6.5 bits/s/Hz, which is obtained for 20 dB SNR. Furthermore, simulation results validate that LLR based relay selection scheme provides robust performance against time-varying channel conditions modelled by a finite state Markov channel.
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Abbreviations


The following abbreviations are used in this manuscript:





	Symbol
	Description



	[image: ]
	received signal at [image: ] relay in first phase



	[image: ]
	average energy per symbol



	[image: ]
	channel coefficient present between source and [image: ] relay



	[image: ]
	Noise variance



	[image: ]
	best relay pair



	[image: ]
	Log Likelihood ratio magnitude of signal received at [image: ] relay in first phase



	[image: ]
	transmitted symbol from source



	[image: ]
	bit error probability



	[image: ]
	amplification factor



	[image: ]
	received signal at destination after second phase



	[image: ] and [image: ]
	link weights for MRC



	[image: ]
	Instantaneous SNR



	[image: ]
	probability density function (PDF) for fading channel



	K
	ratio between the power in direct path and indirect path in Rican fading



	[image: ]
	total available power in Rician Fading



	[image: ]
	Zero order Bessal function



	M
	shaping parameter in Nakagami fading



	[image: ]
	controlling spread in Nakagami Fading



	[image: ]
	transition probability



	[image: ]
	steady state vector
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