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AB S T R A CT  

This paper is presenting the performance analysis of a cooperative MIMO(Multiple-

Input-Multiple-Output) relaying system with a single relay based on Alamouti scheme. 

It examines the Space Time Codes (STC) techniques where the focus is on the Space 

Time Block Coding (STBC). The MIMO system is built on Alamouti Space Time Block 

Coding (STBC) over Rayleigh flat fading channels. The source and destination nodes are 

equipped with two transmit antennas while the relay node is equipped with multiple 

antennas and Amplifiers-and-Forwards (AF). In addition the receiver uses the Zero 

Forcing (ZF) equalizer. The system reliability will be evaluated by using of bit error rate 

(BER) performance. 
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 Introduction 

Wireless communications have recently turned to a technique known as Multiple Input Multiple Output 

(MIMO) to improve the quality (bit-error rate) and data rate (bits/sec). MIMO technology has attracted 

attention in wireless communications, because it offers significant increases in data throughput and link 

range without additional bandwidth or increasing transmit power [1]. This is done by using multiple 

transmit and receive antennas, as well as suitable coding techniques. They take benefit of spatial and 

temporal diversity to combat the random fading induced by multi-path propagation of the signal and 

maximize efficient use of bandwidth. There is also a fundamental gain in transmitting data over a matrix 

rather than vector channel. Transmission of data over MIMO channels has traditionally focused on data 

rate maximization or diversity maximization [2]. Recently, Cooperative communication [3] has attracted 

a lot of attention because of its ability to enhance the system performance. Cooperative communication 

concerns a system where users share and organize their resources to improve the transmission quality 

and enhance the power allocation. The combination of MIMO processing with cooperative relaying 

helps to improve the capacity of the overall cooperative system [4]. In recent times, it has been revealed 

that cooperation based on Space-Time Block Codes (STBC) gives an effective method to present spatial 

diversity in various wireless scenarios [5][6].  

1.1  Multi - Antenna Transmission Methods 

To transmit information over a single wireless link, different transmission and reception strategies can 

be applied. Which one of them should be used depends on the knowledge of the instantaneous MIMO 
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channel parameters at the transmitter side. If the Channel State Information (CSI) is not available at the 

transmitter, Spatial Multiplexing (SM) or Space-Time Coding (STC) can be used for transmission. If the 

CSI is available at the transmitter, beamforming can be used to transmit a single data stream over the 

wireless link. In this way, spectral efficiency and robustness of the system can be improved [1]. It can 

be concluded that the choice of the transmission model depends on three entities important for wireless 

link design, namely bit rate, system complexity and reliability. STC has low complexity and promises 

high diversity, but the bit rate is moderate. SM provides high bit rate, but is less reliable. Beamforming 

exploits array gain, is robust with respect to channel fading, but it requires CSI at both transmitter and 

receiver. In this research only STC transmission has been considered. 

Let us consider a point-to-point MIMO system with 𝑛𝑡 transmit and 𝑛𝑟 receive antennas. The block 

diagram is given in Figure 1. Let  ℎ𝑖 ,𝑗  be a complex number corresponding to the channel gain between 

transmit antenna 𝑗 and receive antenna  𝑖 [2][3].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  MIMO model with 𝑛𝑡 transmit antennas and 𝑛𝑟  receive antennas. 

 

If at a certain time instant the complex signals {𝑥1, 𝑥2,· · · , 𝑥𝑛𝑡}  are transmitted via 𝑛𝑡  transmit 

antennas, the received signal at antenna 𝑖 can be expressed as [7]: 

𝑦𝑖 =∑ℎ𝑖,𝑗𝑥𝑗 + 𝑛𝑖  

𝑛𝑡

𝑗=1

                                                             (1) 

Where 𝑛𝑖  is a noise term. Combining all receive signals in a vector Y, this equation can be easily 

expressed in matrix form [7]: 

𝑌 = 𝐻𝑥 + 𝑛                                                                           (2) 

Y  is the 𝑛𝑟 × 1   receive symbol vector, H is the 𝑛𝑟 × 𝑛𝑡     MIMO channel transfer matrix, 𝑥 is the 

𝑛𝑡 × 1   transmit symbol vector and  𝑛 is the  𝑛𝑟 × 1   additive noise vector. 

 

1.2  Wireless Relaying Systems 

The main advantages of using relay are to increase coverage and decrease the need to use high power 

at the transmitter [8][9][10]. Essentially, in relaying systems the source terminal uses other terminals or 

relays to forward its information to the destination terminal. Generally, there are two types of relaying 
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systems, Decode-and-Forward (DF) relaying systems, and Amplify-and-Forward (AF) systems. In this 

paper AF system is used to implement the Model.  Recently, with a good understanding of the benefits 

of MIMO systems, scientists have suggested some methods that could help to achieve the advantages 

of both MIMO and wireless relaying systems. 

 System Model  

In this paper, we present performance analysis of a MIMO relaying system based on Alamouti scheme. 

As shown in Figure 2, the system considered two antennas at source and destination and one relay 

centred exactly between the source and destination. BPSK signal modulation is used to generate equal 

probability of ‘0’s and ‘1’s at the transmitter side. 

 

 

 

 

 

Figure 2.  2×2 MIMO relaying system. 

 

At the relay node, we have used AF algorithm. The system channel between source, relay and relay 

destination are simply used as Rayleigh flat-fading channel with Additive White Gaussian Noise 

(AWGN) with zero mean. Also the Zero Forcing (ZF) technique has been used as equalizer at the 

receiver side. 

2.1 Space Time Block Coding scheme 

In this paper, two transmit and receive antennas is used. The input information stream 𝒙(𝑡) is encoded 

by STBC encoder. Alamouti suggested that group the symbols into groups of two. In the first time slot, 

send 𝒙1  and 𝒙2   from the first and second antenna. In second time slot send 𝒙1
∗  and −𝒙2  

∗ from the 

first and second antenna. Where (. )∗  denoted to complex conjugate function. Thus, at two time slots 

the input symbols are given by [10]: 

𝑥(𝑡) = (
𝑥1 −𝑥2  

∗

𝑥2 𝑥1
∗ )                                                                       (3) 

The encoded information is transmitted through Rayleigh fading channel and AWGN as addition noise.  

The received signal vector at the receiver can be given like: 

In the first time slot, the received signal is [7]: 

(
𝑦1
1

𝑦2
1) = (

ℎ11 ℎ12
ℎ21 ℎ22

) (
𝑥1
𝑥2
) + (

𝑛1
1

𝑛2
1)                                                    (4) 

In the second time slot, the received signal is: 

(
𝑦1
2

𝑦2
2) = (

ℎ11 ℎ12
ℎ21 ℎ22

) (
−𝑥2

∗

𝑥1
∗ ) + (

𝑛1
2

𝑛2
2)                                                  (5) 

Combining the equations at time slot 1 and 2. 
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                                          (6) 

2.2 Relay Procedure  

The received signal 𝑦𝑟   at relay node is amplified by matrix F and retransmitted to the destination node. 

The relaying matrix F can be expressed by [10][11][12]: 

𝐹 = 𝛽𝑟𝐼𝑁𝑟                                                                       (7)  

Where 𝛽𝑟 is the amplifying factor of the relay and 𝑰𝑁𝑟  is the 𝑁𝑟 × 𝑁𝑟 identity matrix. The amplifying 

factor is calculated by [11][12]: 

𝑃𝑎 = 𝛽𝑟
2𝑡𝑟{𝐹(𝐻𝑟𝐻𝑟

𝐻 + 𝐼𝑁𝑟)𝐹
𝐻}                                                 (8) 

Where 𝑃𝑎  is the transmit power in relay node, (. )𝐻  represent the Hermitian complex conjugate  

transpose and tr(.) denotes to trace of a matrix[9][8]. 

2.3 Zero Forcing (ZF) Algorithm 

The ZF equalizer is used in receivers to alleviate the effects of ISI. Therefore, to reach reasonable system 

performance and to decrease the complexity of the equalizer, ZF equalization technique has been used 

in this research [7].  The equivalent channel matrix with noise given by [11][12]: 

𝐻 = 𝐻𝑟,𝑑𝐹𝐻𝑟                                                                              (9) 

𝑛 = 𝐻𝑟,𝑑𝐹𝑛𝑟 + 𝑛𝑟,𝑑                                                                (10)  

Where  𝐻𝑟  is the channel between source and relay and  𝐻𝑟,𝑑   is the channel between relay and 

destination. 

The estimated received signal 𝑥̂  can be determined as following:  

𝑥̂ = 𝑊𝑍𝐹𝑌                                                                                (11) 

Where 𝑊𝑍𝐹 = 𝐻(𝐻𝐻𝐻)−1 ,   is known as the ZF pseudo-inverse for a general 𝑚 × 𝑛 matrix and 

(. )−1indicates simple matrix inversion.  

 Results and Discussion 

In this research two-hops MIMO relay network with STBC is simulated by MATLAB software. The 

MATLAB program used to highlight the performance of STBC MIMO relay compared with STBC 

MIMO without using relay (Direct connection). In addition, we have examined the optimum location 

of the relay, by fixing the Signal to Noise Ratio (SNR) at 20dB and make the distance varied.  

In this program the BPSK modulation is used to modulate the information, and also STBC encoder 

and decoder is used at the source and destination sides. The backward channel (source to relay) and the 

forward channel (relay to destination) are Rayleigh fading channel with zero mean complex circular 

AWGN. In addition, the ZF relay scheme is used at the receiver side as equalizer to alleviate the effects 

of ISI. At the relay node the AF technique has been used because it’s easy to implement and the results 

near to practice one.  The results have been divided to two sections:Section I:  The performance is 
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measured by means of calculating the Bit Error Rate (BER) and plotting against the SNR between the 

source and destination, where the SNR is varied between 0 to 30dB. The MIMO network is used, with 

and without using relay. The distance in this section has been fixed as D for source-relay and relay 

destination, and 2D for direct connection (without aid of relay) as shown in Figure 3.  

Figure 3. The distance considerations. 

 

 

 

 

 

 

 

 

Figure 4. BER for MIMO using relay (MIMO relay) and MIMO without relay (Direct Connection). 

As can be seen from Figure 4, the curves show the performance of MIMO using relay (MIMO relay) 

and MIMO without using relay (Direct Connection) between the source and destination using ZF 

algorithm for both.  It can be observed that the BER performance for (MIMO relay) network is much 

better than the performance of MIMO (Direct Connection) network that’s because the relay amplify 

and forward the information at distance D and retransmitted it again while in direct connection the 

source transmit the information directly over distance 2D with the same transmitted power. So, when 

we compare the BER plot, we can see that (Direct Connection) network has around 3dB poorer 

performance than (MIMO relay) network. That’s introducing the relay network in the MIMO system 

minimize the BER which is more constructive in practical communication systems.  

Section II: In this section the SNR has been fixed at 20dB and the distance between the source and 

relay is varied. This step has been taken to find out the optimum location for the relay between the 
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source and destination. In this part, we estimate the distance between the source and destination as unit 

function equal to 1, so the distance between source to relay is D and relay destination B=(1-D). 

Therefore, the relay location starts at 0.1 and ends at 0.9. 

 

 

 

 

 

 

 

 

Figure 5. Find out the optimum location of the relay between the source and destination. 

As can be seen from Figure 5 the curve shows optimum location of the relay between source and 

destination and the effects of changing the relay location. The curve shows the best location for the 

relay between source and destination. As can be seen from output performance the best place for relay 

is almost in the middle distance between source and destination. In addition, the worst case when the 

relay was near to the destination. 

  Conclusion 

In conclusion, the aim of this paper was the performance of Space Time Block Codes (STBC) in MIMO 

relay communication systems. The research showed the relevant theories for MIMO relay network and 

STBC coding in order to get the appreciation for the theoretical predictions of the performance of the 

MIMO relay network systems. The simulation used the STBC based on multi-antenna cooperative 

systems and provided the corresponding simulated performance under Rayleigh fading channel AF 

algorithm and ZF equalizer. The system performance is improved more with the (MIMO relay) network 

than the MIMO system without the aid of relay network (Direct connection). In addition, to get the 

best performance of the MIMO relay network the relay has to be at the middle distance between the 

sources and destination. 
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