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Abstract— This paper proposes an improved relay selection 
method in full dimension-multiple input multiple output (FD-
MIMO) system. The conventional best harmonic mean (BHM) 
relay selection scheme was studied as an optimal method for 
relay selection. However, instantaneous power based the BHM 
method has a degradation of error performance in the channel 
environment where rank is not obtained. To solve this problem, 
this paper uses the instantaneous condition number of 3D 
channel environment which is defined by 3rd generation 
partnership project (3GPP) and 2-dimension transmit array. 
The proposed scheme has better error performance than the 
conventional scheme in a wireless channel environment with 
poor rank by selecting a relay through the harmonic mean of the 
instantaneous condition number of the wireless channel. 
Through the computer simulation, it is shown that the proposed 
relay selection scheme is efficient for the FD-MIMO system 
which has poor rank channel environment. 

Keywords— FD-MIMO system, relay communication, relay 
selection 

 

I. INTRODUCTION 
The fifth generation (5G) new radio (NR) system has a 

flexible frame structure to consider various service scenarios 
by subcarrier spacing [1]. This 5G NR specification was 
announced, and signal processing technologies using full 
dimension-multiple input multiple output (FD-MIMO) have 
been studied to achieve high key performance indicator (KPI) 
[2]-[5]. There is a relay communication technology as a field 
that is being studied together in relation to the MIMO 
technology. The relay communication is one of the 
representative communication technologies for expanding the 
coverage of wireless communication. One of the various 
problems in relay communication is which relay node is 
selected. And depending on which relay node is selected from 
the candidate relay node on the wireless channel, the 
reliability of wireless communication is affected. The 
conventional best harmonic mean (BHM) scheme is known to 
have a good error performance by selecting the relay node 
with the largest value by measuring the instantaneous power 
of all wireless channels between the transmitter and the relay 
node, and between the relay node and the receiver [6]. Since 
the distance between antennas is reduced compared to the 

existing cellular communication environment in the FD-
MIMO system using a high frequency band such as mmWave 
band, it becomes difficult to obtain a scattering environment 
when using a two-dimensional transmit antenna array. 
Therefore, it is necessary to study a relay node selection 
scheme that can be applied in an environment that is difficult 
to ensure MIMO rank. This paper proposes a relay node 
selection scheme based on the instantaneous condition 
number of wireless channel to ensure high error performance 
and coverage in a mobile communication radio channel 
environment where high rank is not obtained. Using the 2-
norm operation of a channel matrix to obtain a condition 
number leads to high complexity. Therefore, the proposed 
scheme uses 1-norm operation. 

The rest of this paper is structured as follows. Next chapter 
presents the proposed relay selection scheme. Chapter III 
presents simulation results and conclusion is given in chapter 
VI. 

II. PROPOSED SCHEME 
This chapter presents an efficient relay selection scheme 

using instantaneous condition number of wireless channel.  
When there are RN  candidate group repeaters within a 

cell, the n th relay node is selected through the BHM 
technique as follows. 
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where DN  is the total number of subcarriers used when 
generating cyclic prefix orthogonal frequency division 
multiplexing (CP-OFDM) based frames, ,m k

SRH  and ,m k
SRH  

mean wireless channel matrices between transmitters and 
relay node and receivers, respectively. Since the conventional 
BHM scheme selects the relay node based on the 
instantaneous power of the MIMO channel matrix, the error 
performance decreases as the channel correlation increases. 
The antenna spacing is a parameter related to the correlation 
of the wireless channel. In this paper, to solve the problem of 
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the conventional scheme, a relay node is selected based on the 
instantaneous conditions of the wireless channel as follows 
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where  C   means instantaneous condition number, and is 
calculated using the 2-norm value as follows 
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In (4), since matrix decomposition is required to obtain the 2-
norm value, the 1-norm operation is considered in this paper. 
Figure 1 shows the instantaneous condition number of  
channel based on 1-norm and 2-norm depending on the 
antenna spacing using the 2D transmission antenna array. At 
here,   means the wavelength of the signal. From the figure 
1, it can be seen that there is a difference in absolute values, 
but the relative dominance does not change. In addition, it is 
shown that the condition number of the channel matrix 
decreases because independence between channels is ensured 
as the transmission antennas spacing increases. The 
transmitter selects the relay node based on the condition 
number of the channel as shown in (2), and then transmits a 
signal to the selected relay node using a zero-forcing (ZF) 
digital beamforming technique. When the number of 
transmission antennas is tN  and the number of reception 
antennas of the relay node is rN ( t rN N ), the received 
signal Ry  of the relay node is expressed as 

 1
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where assuming that the number of different transmission data 
streams is rN , SRH  is the t rN N  complex channel matrix 
between transmitter and relay node,  SRW  is r tN N  size ZF 
beamforming matrix, x  is 1rN   modulated digital symbol, 

Rn  is additive white Gaussian noise (AWGN), and SRF   
means a normalization constant. Elements of SRH , x , and 

Rn  are zero-mean standard normal distribution with unit 
variance. The ZF beamforming matrix SRW  and the power 
normalization constant  are expressed as 
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where F
 means the Frobenius norm. The relay node uses a 

decode and forward (DF) scheme for forwarding the decoded 
signal to the receiver. 

 
Fig. 1. The condition number of channels according to antenna spacing 

 

III. SIMULATION RESULTS 
The performance of the proposed relay node selection 

scheme is evaluated in the computer simulation. This paper 
evaluates the performance of the proposed scheme using 
Monte-Carlo simulations. The system in a 2-hop environment 
with 100 relay node candidates is considered for the 
performance evaluation of the proposed scheme. 16-
quadrature amplitude modulation (QAM), 64-QAM 
modulation method, and  256DN   are used. The number of 
transmitter and receiver antenna is considered as 4tN   and 

2rN  , respectively. Also, the transmission antenna is 
applied to size of 2 2  squared array antenna using the 2D 
array. The transmission antenna spacing of the proposed 
scheme and the conventional BHM scheme is selected from 
among / 8 , / 4 , and / 2  randomly. Considering 8 
multi-paths, the frequency selective Rician fading channel is 
used based on the 3D channel model provided by 3GPP, and 
the K-factor of the Rician channel is set to 10. Figure 2 
presents the bit error rate (BER) performance of the proposed 
and the conventional BHM scheme versus transmission power 
when the 16-QAM and 64-QAM modulations are used. The 
conventional BHM scheme depends only on the instantaneous 
power of the channel when relay node is selected, and it can 
cause the incorrect relay node selection in the channel 
environment where correlation exists. Since this causes error 
propagation to the receiver, performance degradation occurs 
compared to the proposed relay node selection scheme. From 
the simulation results, the proposed relay node selection 
scheme can be effectively used in the FD-MIMO system. 
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Fig. 2.  BER performance of the conventional and proposed scheme when 

modulation is 16-QAM and 64-QAM 
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IV. CONCLUSION 
In this paper, the relay selection method is proposed for 

the FD-MIMO based relay communication system. The 
proposed scheme considers the transmit antenna array and 
directivity of the FD-MIMO system. Also, the proposed 
scheme selects the relay based on the instantaneous condition 
number of the wireless channel to cope with the high 
correlation value between antennas. The simulation result 
shows that the proposed scheme based on the instantaneous 
condition number of the wireless channel has less error 
performance degradation compared to the conventional BHM 
method in an environment where it is difficult to secure rank 
of MIMO channel. The future study will focus on reducing the 
amount of feedback data related to channel information for the 
relay selection. 

ACKNOWLEDGMENT 
This work was supported by the Institute of Information & 

Communications Technology Planning & Evaluation (IITP) 
grant funded by the Korean government (MSIT) (2021-0-
00845, 5G·AI-based Textile Factory Creel Process Mobile 
Manipulator System Development). 

REFERENCES 
[1] 3GPP, “Physical channels and modulation (release 16),” document 

TS38.211, V.16.5.0, 3GPP, Mar., 2021. 
[2] J. Rachad, R. Nasri and L. Decreusefond, "A 3D beamforming scheme 

based on the spatial distribution of user locations," 2019 IEEE 30th 
Annual International Symposium on Personal, Indoor and Mobile 
Radio Communications (PIMRC), 2019, pp. 1-7. 

[3] W. Boukley Hasan, P. Harris, A. Doufexi and M. Beach, "Real-time 
maximum spectral efficiency for massive MIMO and its limits", IEEE 
Access, vol. 6, pp. 46122-46133, Aug. 2018. 

[4] R. M. Vaghefi, R. C. Palat, G. Marzin, K. Basavaraju, Y. Feng, and M. 
Banu, “Achieving Phase Coherency and Gain Stability in Active 
Antenna Arrays for Sub-6 GHz FDD and TDD FD-MIMO: Challenges 
and Solutions”, IEEE Access, vol. 8, pp. 152680-152696, Aug. 2020. 

[5] W. Wang, K. C. Teh, and K. H. Li, “Relay Selection for Secure 
Successive AF Relaying Networks With Untrusted Nodes”, IEEE 
Transactions on Information Forensics and Security, vol. 11, no. 11, pp. 
2466 – 2476, Jun. 2016. 

[6] M. Chen, T. C.-K. Liu and X. Dong, "Opportunistic multiple relay 
selection with outdated channel state information," in IEEE 
Transactions on Vehicular Technology, vol. 61, no. 3, pp. 1333-1345, 
2012.

 

410


