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Abstract—Three-dimensional beamforming (3D-BF) is a 
promising technique to improve user throughput and/or extend 
cell coverage in fifth-generation mobile systems. One of key 
technology for increasing data rates is the use of higher-order 
modulation such as 1024-quadrature amplitude modulation 
(QAM). In this paper, we evaluate the transmission performance 
of mobile networks that use a modulation and coding scheme 
(MCS) incorporating 1024-QAM and transmit 3D-BF. The 
average and 5-percentile user throughput are clarified as a 
function of the number of transmit (Tx) beams up to 24, using 
system-level computer simulations. From these results, we 
confirm that 3D-BF with 24 Tx beams can improve the average 
user throughput by 2.2 times compared with those of non-BF, 
however, the improvement effect exhibited a smaller increase in 
user throughput than the use of 16 Tx beams. We also confirm 
that 3D-BF with 24 Tx beams can increase the use rate of 1024-
QAM in MCS by 17% when compared with non-BF. This work 
provides an effective solution for designing mobile systems using 
1024-QAM and 3D-BF. 

Keywords—Mobile communication, 3D beamforming, Beam 
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I.  INTRODUCTION  
Increasing system capacity and data rates is one of the 

objectives of fifth-generation (5G) mobile systems. The use of 
a massive multiple-input and multiple-output (MIMO) antenna 
is taken for granted in 5G and can fundamentally increase 
system capacity and data rates by its spatial multiplexing 
effects [1]-[4]. 

Massive MIMO antenna architectures also make it possible 
to realize three-dimensional beamforming (3D-BF), in which 
antenna beams can be individually tailored to each user 
equipment (UE) in horizontal and vertical planes. Downlink 
3D-BF enables directs signal transmission toward a target UE, 
potentially increasing the received signal-to-interference plus 
noise ratio (SINR) while reducing the interference directed to 
adjacent cells and other UE [5]-[8]. Additionally, large 
propagation loss in high-carrier frequency bands is addressed 
by the use of 3D-BF [9], [10]. 

The use of higher-order modulation methods can increase 
the data rates within a limited bandwidth. The Third 
Generation Partnership Project (3GPP) Release 15 has 
introduced the incorporation of 1024-quadrature amplitude 
modulation (QAM) into a modulation and coding scheme 

(MCS), although its application areas and/or conditions are 
currently very limited [11]-[15].  

Thus far, the performance evaluation using 3D-BF and 
MCS that incorporates 1024-QAM has not been sufficiently 
evaluated [16]. Therefore, we show the improvement effects 
of downlink 3D-BF as a function of the number of transmit 
(Tx) beams using an MCS incorporating 1024-QAM. We 
investigate the average and 5-percentile user throughput as a 
function of the number of Tx beams using system-level 
computer simulations. 

Section II introduces the features of downlink 3D-BF 
using a beam-based transmission. This section also describes 
the beam management procedure for 3D-BF. Section III 
describes system-level computer simulation conditions and 
their results such as average and 5-percentile user throughput. 
This section also includes the analysis for the use rate of 1024-
QAM when 3D-BF is used. Finally, Section IV summarizes 
the conclusions.  

II. 3D-BF USING BEAM-BASED TRANSMISSION 
A large number of antenna elements can create 3D-BF 

which includes horizontal (azimuth-plane) and vertical 
(elevation-plane) beams. Figure 1 illustrates the concept of 
downlink 3D-BF using beam-based transmission which forms 
a grid of M × N beams using a Tx MIMO antenna, where M 
and N are the number of vertical beams in the elevation-plane, 
and horizontal beams in the azimuth-plane, respectively. The 
receiver of UE is assumed to be an omni antenna. Figure 2 
shows the fundamental beam management procedure between 
evolved Node B (eNB) and UE. The eNB sweeps reference 
signal beams and UE measures the received SINR of each 
reference signal beam, and then reports the results to the eNB. 
Subsequently, the eNB decides the best Tx beam among M × 
N beams and optimal MCS index as a downlink adaptation 
[16]. 

III. SIMULATION CONDITIONS AND RESULTS 
The primary simulation parameters are listed in Table I 

which includes the beam parameters used in 3D-BF. The 
carrier frequency and signal bandwidth are 2 GHz and 10 MHz 
per macro-sector, respectively. In each macro-sector, the 
number of UE installations is set to 30. Twenty-five different 
MCS indexes are used, where five types of modulation 
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methods are adopted: quadrature phase shift keying (QPSK), 
16-QAM, 64-QAM, 256-QAM, and 1024-QAM [16].  

In the azimuth-plane at the eNB Tx MIMO antenna, the 
number of horizontal beams is fixed to 8 with the 3 dB 
beamwidth of 8.8 degrees. In the elevation-plane, the number 
of vertical beams is varied from one to three with the 3 dB 
beamwidth of 10, 5, and 3.3 degrees, respectively. The Tx 
antenna gain G of each beam is set to 23, 26, or 27.8 dBi 
according to the total number of beams M × N, as listed in 
Table I.  These values are based on non-BF parameters, that is, 
the antenna gain is 14 dBi and 3 dB beamwidth is 70 degrees. 
The antenna gain G of each beams is obtained by the 
combination of the number of M and N, as follows: 

 
 

Tx antenna downtilt of eNB is fixed to 15 degrees. UE is 
distributed uniformly within each macro sector in the 
simulations. The path-loss model is obtained from [17]. 

 

 

Fig. 1. Configuration of downlink 3D-BF using beam-based transmission. 

 

Figure 3 shows the average and 5-percentile user 
throughput for the number of Tx beams: 8, 16, and 24 beams. 
The average and 5-percentile user throughput increase as the 
number of Tx beams increases. For example, 3D-BF with 16 
Tx beams can improve the average and 5-percentile user 
throughput by approximately 2.0 and 1.7 times compared with 
those of non-BF, respectively. 3D-BF with 24 Tx beams can 
improve the average and 5-percentile user throughput by 
approximately 2.2 and 1.8 times compared with those of non-
BF, respectively.  

However, 3D-BF with 24 beams exhibits a smaller 
increase in user throughput than that with 16 beams. The use 
of excessive beams does not offer an attractive solution 
because the user throughput does not increase significantly, 
and they require a considerably greater number of antenna 
elements. 

Figure 4 is an analysis of the use rate of each modulation 
method in downlink MCS versus the number of Tx beams. In 
the case of non-BF, the use rate of higher-order modulation 
methods is low: specifically, the use rate of 1024-QAM is 
negligible. Nevertheless, the use rate of 1024-QAM increases 
as the number of Tx beams increases, although the use rate of 
QPSK decreases. The use of 16 and 24 Tx beams can increase 
the use rate of 1024-QAM by 12% and 17%, respectively. 

 

Fig. 2. Beam management procedure between eNB and UE. 

 

TABLE I.   PRIMARY SIMULATION PARAMETERS 
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Fig. 3. Average and 5-percentile user throughput versus the number of Tx 
beams. 

 

 

Fig. 4. Use rate of each modulation method in downlink MCS versus the 
number of Tx beams. 

IV. CONCLUSION 
This paper presented the throughput improvement by 

downlink Tx 3D-BF and an MCS incorporating 1024-QAM as 
a function of the number of Tx beams up to 24. We 
investigated the average and 5-percentile user throughput as a 
function of the number of Tx beams using system-level 
computer simulations. We clarified that 24 Tx beams can 
improve the average and 5-percentile user throughput by 
approximately 2.2 and 1.8 times compared with those of non-
BF, respectively. However, the improvement effect exhibited 
a smaller increase in user throughput than the use of 16 Tx 
beams. We also confirmed that the use rate of 1024-QAM in 
MCS increases as the number of Tx beams increases, e.g., the 
number of 24 Tx beams can increase the use rate of 1024-
QAM by 17% compared with that of non-BF. 
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