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Abstract 

In Multiple Input Multiple Output (MIMO) system, the symbols per transmit 

antenna in particular time slot are taken from a coded constellation. Golden code 

is one of the best coding techniques to form such a kind of constellation.  In this 

paper, Golden code has been analyzed with 2 × 1 and 2 × 2 antenna 

configurations under AWGN and Rayleigh Fading channel environments. Results 

show that Golden code with full diversity outperforms the other antenna systems 

in terms of symbol error rate and diversity gain. 
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I. INTRODUCTION 

The performance of any kind of wireless communication 

depends on the status of channel environment. As such, the 

wireless channel is very much dynamic and unpredictable in 

nature. Moreover, the multipath fading and shadowing are 

main constrains to degrade the quality of system. So, to 

achieve high spectral efficiency, it is required to apply 

multiple antennas at both transmitter and receiver ends. In 

that case, multiple input and multiple output (MIMO) 

system is considered as potential candidate in 5G 
communication system. In MIMO configuration, Golden 

code plays a vital role in space time (ST) block codes. To 

form MIMO encoded symbols, generator matrix, channel 

coefficients and space diversity procedures are the main key 

activities to measure the performances. In this system, 

number of transmit antennas are chosen such that those 

satisfy the rank criterion for getting the advantage of code 

gain distance (CGD). In order to increase the download 

throughput along with high data rate various standards like 

High Speed Downlink Packet Access (HSDPA) have been 

proposed for Long Term Evolution (LTE) communication 
systems [1]. This kind of transmission is developed on the 

concept of adaptive transmission related to channel quality 

[1]. Due to the channel impairments of radio 

communication, the application of antenna arrays has   

received much attention because of the improvement of 

signal quality, system coverage, capacity and link quality. 

Although this multiple antenna transmission/reception has 

emerged as a key tool to achieve high spectral and power 

efficiency, the main challenge of this MIMO system is to 

characterize the different types of frequency selective fading 

channels. Several novel signal processing along with error 

correction coding schemes such as orthogonal space time 

block code (OSTBC), quasi space time block code 
(QOSTBC) and space time trellis code (STTC) had been 

formulated that integrate the techniques of space diversity, 

channel coding including the different fading effect of 

channel [2]. Several statistical distributions of the channel 

have been proposed by researchers for channel modeling of 

the fading envelope under short and long term fading 

conditions. This paper provides a brief background on 

MIMO systems followed by an analysis of Golden code for 

different transmit and receive diversity. We discussed the 

SER of different coding schemes over various fading 

channels. In MIMO systems, the Golden Code is a kind of 
space-time code with two transmit and two receive antenna 

that achieves both the full rate and the full-diversity [3]. In 

this paper we have compared its SER performance with 

other 2 × 2 space-time codes. The main advantage of the 

Golden code is the independence of the size of signal 

constellation so that it achieves the optimal diversity-

multiplexing performance presented in [4]. 

II. SYSTEM MODEL 

In channel modeling, researchers have proposed several 
statistical distributions for channel modeling of fading 
envelope under short and long term fading conditions [2].  
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Figure 1.  Block diagram of MIMO system 

In this paper, a wireless communication system is considered 

with N transmits and M receives antennas. A single path is 

created for each pair of the transmit and receive antenna. 
There are three elements in a MIMO system which is 

described as the transmitter (N), the channel (α) and the 

receiver (M). Figure 1 represents the space time coded 

MIMO system with N transmit and M receive antennas. In 

the space-time coded MIMO systems, bit stream is mapped 

into symbol stream and a symbol stream of size N in space 

time encoded into ,}{ 1

)( N

i

t

ic  t = 1, 2 ,3 ….T where i is the 

antenna index and t is the symbol time index. At the receiver 

side, the space time encoded symbol stream is estimated by 

using the received signals ,}{ 1
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where
)(t

j is the noise process at the jth receive antenna 

during tth symbol period and Ex is the average energy of each 
transmitted signal [5]. 

III. THE GOLDEN CODE 

Belifore et al. [8] were the first to introduce the space time 
Golden code by using the generator matrix based on the 
golden number in a 2 × 2 MIMO system. They showed that 
this code is a full rate, full rank code satisfying the non-
vanishing determinant condition. It is a 2 × 2 space time code 
whose performance depends on the Golden number. We first 

illustrate the construction of the Golden code because of the 

key role played by the Golden number 
2

51
 in the 

construction. Let us consider the information symbols 

][,,, 4321 iSssss  to obtain the finite code C. 

Therefore the codeword can be formed as matrices as shown 
below [8]. 
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and is are QAM information symbols, with 41 i . 

Therefore its minimum determinant is defined as [8]: 
2

0,
min )det(min)( XC

XCX 
 . Golden code with non-

vanishing min outperforms the other codes generated using 

previous constructions. Also min does not depend on the size 

of the signal constellation [8].Therefore, the vectorized 

generator matrix for is  can be written as equation (3)[9]. 
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The generated codewords are finally transmitted on a 

multiple antenna channel H = [hi,j] with N transmit and M 

receive antennas. Here,  hij denotes the Rayleigh fading 

coefficient between the jth transmit and ith receive antenna. At 

the receiver end the vectorized received signal can be written 
as 

 GZHY e , where GZX  and Z is the matrix 

containing real and imaginary parts of modulated symbols 

[10]. However for golden code He is defined as below 
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      (4) 

 
At the receiving end, the message S is estimated from the 
given data in Y and Has stated previously. There are many 
techniques available for this estimation but most of the 
decoders are concerned with the maximum likelihood (ML) 
detector and the approximation thereof. For each coded bit 

ikC , , the ML soft decoder generates two matrices: 
i

ck 0  

and 
i

ck 1 . These matrices are computed by the log-MAP 

theorem and are given by 

[10]
2

min)( GZHYc e
XX

k

i

i
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


 , where 

GZX i

b  denotes the constellation subset[10].In order to 

decode the information, it is required to find the shortest path 
according to equation (5)[10]. 
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IV PERFORMANCE EVALUATION 

The performance of the different antenna configurations of 

Golden code has been evaluated over an AWGN and 

Rayleigh channel in terms of SER versus SNR values. All 

simulations are done in MATLAB using 104 symbols upto a 

20dB SNR value. Figure 2 shows the comparison of AWGN 
and Rayleigh fading with 2 × 1 antenna configurations in 

terms of symbol error rate (SER) performance. For a 

particular modulation scheme, under 2 × 1 MIMO systems 

AWGN channel outperforms the Rayleigh fading channel. 

This is because in the Rayleigh fading channel the signals are 

transmitted in multipath ways. Fig. 3 shows the performance 

comparison between 2 × 1 and 2 × 2 antenna configurations 

under AWGN and Rayleigh fading scheme. If we analyze the 

response curves, 2 × 2 MIMO schemes exhibit a good 

performance at high SNR value but at low SNR values 

Rayleigh Fading channel performs better than the other. On 

the other hand, increasing the diversity gain, 2 × 2 system 
outperforms the 2 × 1 systems under both AWGN and 

Rayleigh fading channel. At the reference point of SER = 10-

3, 2 × 2 antenna configuration under AWGN channel requires 

an SNR of ~4 dB less than that of the configuration under 

Rayleigh fading channel. Similarly, at the value of SER = 10-

1, 2 × 1 scheme under Rayleigh fading requires ~4 dB SNR 

values more than that of AWGN channel to achieve the same 

performance. Here the Golden code is full rate and full 

diversity ST code. But if we analyze the encoding and 

decoding complexities, Golden code is more complex 

compared to other ST codes. Full-rate full-diversity 
orthogonal designs with complex elements in the 

transmission matrix are difficult to analyze for more than two 

transmit antennas. For this reason 2 × 1 and 2 × 2 antenna 

schemes are taken for Golden code. 

 

 
Figure 2.  SER performance of Golden Code in AWGN and Rayleigh Channel with 2 × 1 antennas 
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Figure 3.  Performance comparison of the Golden code for 2 transmit and 2 receive antennas 

V CONCLUSION 

In this paper, a new approach for comparing the Golden code 
with different diversity schemes has been proposed. 
Simulation results show that the Golden code under AWGN 
channel with 2 × 2 system has the best performance as 
compared to 2 × 1 configuration under Rayleigh channel.                     

REFERENCES 

[1]  R. Ouertani, A.  Saadani, G. R. B. Othman, J. C. 

Belfiore,  “On the Golden Code Performance for 

MIMO-HSDPA System,” IEEE 64th  Vehicular 

Technology Conference,   Montreal, Que , Doi. 

10.1109/VTCF.2006.90, 25-28 Sept. 2006. 
[2]  G. Femenias,  “BER Performance of Linear STBC 

From Orthogonal Designs Over MIMO Correlated 

Nakagami-m Fading Channels,” IEEE Trans. On 

Vehicular Technology., vol. 53, NO. 2, pp.  307-317, 

Mar.  2004. 

[3] L. Boyu, E.  Ayanoglu, “Golden Coded Multiple 

Beamforming,” IEEE Global Telecommunications 

Conference, Miami, FL, Doi. 

10.1109/GLOCOM.2010.5683719, 6-10 Dec. 2010. 

[4]  L. Zheng, D. Tse, “Diversity and Multiplexing: a 

Fundamental Tradeoff In Multiple-Antenna Channels,” 
IEEE Trans. Inf. Theory, vol. 49, no. 5, pp. 1073–1096, 

May 2003. 

[5] Y. S. Cho, J. Kim, W. Y. Yang, C. G. Kang, “ MIMO-

OFDM Wireless Communication with 

MATLAB,”IEEE press John Wiley & Sons, pp 281-

300, 2010. 

[6] H. Jafarkhani, “Space-Time Codes: theory and 

practice,” Cambridge University Press , pp. 1-125, 

2005. 

[7]  S. Rana, S. Alam, K. Fatema,“Code Construction and 

Performance Evaluation of Space Time Trellis Code 

(STTC) Over Rayleigh Fading Channel,”Proc. 14
th
 

Inter. Conf. on Computer and Information Technology , 

Dhaka, Bangladesh, Doi. 

10.1109/ICCITechn.2011.6164799, December, 2011. 

[8] J. C. Belfiore, G.  Rekaya, E.  Viterbo, “The Golden 

Code: A 2 × 2 Full-Rate Space-Time Code with Non-

Vanishing Determinants,” Proc. of  International 

Symposium on Information Theory, Chicago, USA, Doi 

10.1109/ISIT.2004.1365347, pp. 310, 27 June-2 July 

2004. 

[9] Y. Hong, E. Viterbo, J.C. Belfiore, “Golden Space–

Time Trellis Coded Modulation”, IEEE Trans.  ON 

Information Theory, vol. 53, no. 5, May 2007, pp. 

1689-1705. 

[10] L. Mroueh, S. L. Rouquette, G. R. B. Othman, J. C. 
Belfiore, “On the performance of the Golden code in 

BICM-MIMO and in IEEE 802.11n cases”, Int. 

Conference on Signals, Systems and Computers, Pacific 

Grove, CA, Doi 10.1109/ACSSC.2007.4487489, 4-7 

Nov. 2007. 

[11] S. M. S. Alam, G. S. Choi ; S. Iqbal, “Performance 

analysis of orthogonal space-time codes applicable to 

4G LTE communications”, 19th IEEE International 

Symposium on Consumer Electronics (ISCE), Madrid, 

Spain, Doi. 10.1109/ISCE.2015.7177820,  24-26 June 

2015. 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Belfiore,%20J.-C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rekaya,%20G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Viterbo,%20E..QT.&newsearch=true

