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Abstract 

Massive multiple-input multiple-output (m-MIMO) is used to improve the robustness of data transmission and 
high sum spectral efficiency in 5G systems. For 5G New Radio (NR) systems need to be designed to reduce 
cost and complexity, most notably hybrid analog-digital beamforming with large-scale antenna array which 
has become a major research target. In the downlink transmission, we propose a robust and low-complexity 
framework of precoding design to implement hybrid beamforming (BF) of large antenna arrays without 
limitation on the size of the antenna. Furthermore, a large number of antenna elements can be coupled into 
multiple panels m-MIMO for the purpose of reducing costs and saving power. This study proposes to use both 
azimuth and elevation angles parameters to provide low complexity adaptive beam control in panels m-MIMO 
system. In contrast to existing works, that aim to eliminate inter-user interference, this work is distinguished 
by adopting polarization function and space-time block code to the m-MIMO antenna arrays. We also propose 
a new multi-panel codebook design correspondingly with control parameters. The performance of the 
proposed framework is analysed with state-of-the-art research comparisons. To this end, the important factor 
of beamforming which is the Error Vector Magnitude (EVM) will be analyzed and simulated. 

Keywords: Hybrid beamforming, multi-panel MIMO, 5G, precoding.  

 

1. Introduction* 

The next generation of wireless networks is 
expected to truly allow for the interconnection of 
everything. Additionally, it also has the potential to be 
transformed into a central and/or distributed sensing, 
intelligent communications, and computing platform 
[1]. Furthermore, such networks are also needed to 
meet the requirements of the connecting of the 
physical and digital worlds seamlessly and sustainably 
[2]. However, the conventional approach to fulfill 
these conditions is either to densify the networks, to 
turn up the transmit power, or to transmit at a higher 
frequency band [3]. Nevertheless, due to the scarce of 
radio frequency associated with the constraint of 
hardware moving up to a higher frequency seems not 
to be a feasible solution [4]. Moreover, raising the 
transmit power and densifying networks will end up in 
tremendous power consumption. Thus, an alternative 
solution that not only limits the increase of power 
consumption but also recycles the current frequency 
band is desired from both industry and academia [5]. 

Massive MIMO (m-MIMO) is a key technology 
for 5G-and-beyond wireless systems by allowing a 
base station equipped with a very large number of 
antennas to serve many users at the same time-
frequency resource via time-division duplex 
operation [6]. The first version of 5G new radio (NR) 
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with m-MIMO was standardized by 3GPP. More 
advanced technologies related to m-MIMO being 
developed for the future releases of 5G standards. 
Current m-MIMO systems are deployed based on 
cellular topology [7]. However, one inherent limitation 
of cellular-based networks is inter-cell interference, 
which is mutual interference from other users in other 
cells to the home cell [8]. Users at the cell boundaries 
result in bad quality of service because of strong inter-
cell interference and path loss, and hence, limit the 
performance of the whole networks, especially when 
performing spatial resource allocations [9].  

Besides the technique of using multiple phased 
array antennas, the precoding technique can be 
considered as a variant of the beamforming technique. 
In the 5G and beyond wireless communication system, 
precoding can be conducted in the antenna array (RF) 
or in baseband (BB) processing, or in both depending 
on the RF/BB adopted by the transceiver. However, 
the installation of many antennas in a m-MIMO system 
leads to difficulties in implementing, hardware, as well 
as controlling the beams. Recently, the hybrid analog-
digital beamforming, which combines beam control by 
phase shifting at physical antenna ports with precoding 
matrix to solve such complex problems, has received 
great attention [11]. To simplify further the connection 
between research and industry standards, the New 
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Radio (NR) introduces the concept of multi-panel 
arrays, in which multi-panel arrays are used to form 
massive antennas. In contrast to existing array 
architectures, the m-MIMO system using multi-panels 
will allow each panel or multi-panel to two-stage 
(analog and digital) steer the beam, providing multiple 
streams for multiple users. Design wise, the panels can 
be hung from the ceilings, outside a building, or on a 
billboard, etc., to increase the coverage gain for 5G 
signals [12, 13].   

In this study, we distinguish it with other works, 
which is to delve into the research of industry 
standards for multi-antenna systems using multi-
panels. From that, we propose a low-complexity and 
robust framework of precoding for multi-panel m-
MIMO system. Specifically, the traditional precoding 
matrix will be considered to add azimuth, elevation 
angle parameters according to 38.214 standardization. 
With this separation, beamforming can be performed 
in both the azimuth and elevation domain with two-
dimensional antenna array. This spatially separates 
more users in vertical direction as well as horizontal 
direction. This is especially important in multi-cell 
systems, when the users are distributed on the 
locations defined by the bidirectional axis in each cell. 
Moreover, the paper evaluates the influence of these 
two parameters in the extended antenna array models, 
with multi-panels. We know that multi-panels can 
expand an unlimited number of antenna arrays, making 
it cheap to build massive MIMO systems. 

On the disadvantage of the massive MIMO 
systems, where the larger number of antennas is 
introduced, the dimension of precoding design is 
getting more complicated. Although the codebooks are 
also built to simplify the beamforming problem similar 
to the conventional LTE system, it is nevertheless 
more difficult to design efficient codebooks. Here, we 
give a solution to design the precoding matrix for each 
panel, in a multi-panel antenna array system. In 
addition, the space-time block coding (STBC) with 
dual-polarized antenna array is also investigated to 
provide a good performance of beamforming. In order 
to underline the validity of our proposed framework, 
the main beams of the m-MIMO system are described 
with different azimuth, elevation angle parameters as 
shown in Fig. 2. 

Notation: We use the lower and upper bold letters 
for vectors and matrices, respectively. 𝒞𝒞𝒞𝒞(⋅,⋅) denotes 
the circularly symmetric complex Gaussian 
distribution. 𝔼𝔼{⋅} stands for the expectation of a 
random variable. 

2. System Models 

This section examines an m-MIMO system, 
where a BS is equipped with 𝑀𝑀 antennas as most 
studies usually noted. However, for more detail, we 
consider this dual-polarized 𝑀𝑀 antennas located in 𝑁𝑁𝑔𝑔 
panels. Each panel includes 𝑁𝑁1 ×  𝑁𝑁2 dual-polarized 

antennas, where 𝑁𝑁1 is the number of antennas in the 
horizontal direction and 𝑁𝑁2 denotes the number of 
antennas in the vertical direction, correspondingly. 
Thus, we have 

𝑀𝑀 =  2 ×  𝑁𝑁1 ×  𝑁𝑁2 × 𝑁𝑁𝑔𝑔. (1) 

Now we consider this m-MIMO equipped with 𝑀𝑀 
antennas, and serves 𝐾𝐾 users, while each user has a 
single-antenna. In the downlink scenario, the base 
station (BS) transmits signal vector 𝐱𝐱 ∈ ℂ𝑀𝑀×𝟙𝟙, where 
𝔼𝔼�|𝐱𝐱|�2 = 1, to all 𝐾𝐾 users. The received signal 𝐲𝐲 at 𝐾𝐾 
users is given as  

𝐲𝐲  =  �ρ𝐇𝐇𝐓𝐓𝐱𝐱  +  𝐧𝐧, (2) 

where ρ denotes the transmit power weight factor and 
𝐧𝐧 is the additive noise at 𝐾𝐾 users. 𝐇𝐇 ∈ ℂ𝑀𝑀×𝐾𝐾  represents 
the channel matrix between the BS and 𝐾𝐾 users. For 
cellular communication systems in general, the 
accuracy of the CSI reception is critical to the system's 
performance. For fast and accurate channel estimation, 
the codebook mechanism has been used since 3GPP 
Rel 8.  

2.1. Conventional Hybrid Beamforming 

Today, hybrid beamforming architectures will 
take advantage of analog as well as digital 
beamforming. As shown in Fig. 1, K users are served 
by the m-MIMO system with hybrid beamforming. 
The BS is equipped with 𝑁𝑁𝑇𝑇 antennas and 𝑁𝑁𝑅𝑅𝑅𝑅  RF 
chains. In this scenario, the phase shifter 𝐹𝐹𝑅𝑅𝑅𝑅  uses 
analogy circuitry as in traditional 4G communication 
systems to form the beam of the signal. However, with 
the rapid increase in the number of Transceiver 
Antennas in 5G and Beyond-5G systems, the number 
of RF chains will become very large. 

 

 
Fig. 1.  m-MIMO system with hybrid precoding 
structure 

 

https://deepai.org/publication/neural-networks-in-hybrid-precoding-for-millimeter-wave-massive-mimo-systems#S2.F1
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A fully digital beamforming system requires a 
separate radio frequency (RF) chain for each antenna. 
We know that each RF chain is usually quite 
expensive, with high maintenance costs. n 5G systems 
and beyond, Ericsson has introduced technology that 
uses a lot of transmitter antennas. As such, as the 
number of antennas increases, more RF chains are 
required. As a result, costs and power consumption are 
increased. To reduce cost and power consumption, 
mixed beamforming is constructed by using phase 
shifters and digital beamforming as shown in Fig. 1. 
The hybrid beamforming system then uses fewer RF 
chains than the fully digital beamforming system, and 
therefore, the system can be built with low hardware 
complexity.  

Furthermore, the codebook-based hybrid 
beamforming approach is also considered in 5G NR 
system. This system offers beamforming patterns in 
accordance with user requirements. Here, the channel 
states information (CSI) of each user will be stored in 
the codebook corresponding to the pre-designed 
precoding. Fig. 2 depicts 16 beamforming patterns of 
LTE System with Precoding Matrix Selection, 
correspondingly.  

 
Fig. 2. Beam patterns correspond with Precoding 
Matrix Selection for LTE System 

Leveraging the use of codebooks to simplify 
beam construction, we introduce two more azimuth 
and elevation angle factors to control the beam 
efficiently.  

2.2. Precoding Design in Multi-Panel m-MIMO 

In multi-panel m-MIMO, we design a low 
complexity precoding matrix for the purpose of 
enhancing the performance, rising the spectral 
efficiency, and minimizing multi-users interference. To 
enable multi data-stream, 𝑁𝑁𝐿𝐿 layers are precoded in 
baseband with a precoder 𝐏𝐏𝐁𝐁𝐁𝐁.𝐏𝐏𝐁𝐁𝐁𝐁 is the 𝑁𝑁𝐿𝐿 × 𝑀𝑀 
matrix, and the transmit power constraint is ensured by 
normalizing 𝐏𝐏𝐁𝐁𝐁𝐁. This robust architecture enables 
mapping of 𝑁𝑁𝐿𝐿 data streams to 𝑀𝑀 dual-polarized 
antennas at 𝑀𝑀/2 physical antenna ports. Let 𝐬𝐬, is the 

𝑁𝑁𝑠𝑠 × 1 transmitted symbol vector, denote the 
𝑁𝑁𝐿𝐿 independent data streams, the transmitted signal 𝐱𝐱 is 
therefore given as   

𝐱𝐱 = 𝐏𝐏𝐁𝐁𝐁𝐁𝐬𝐬. (3) 

In short, the received signal is given as 

𝑦𝑦 = �ρ𝑯𝑯𝑻𝑻𝑷𝑷𝑩𝑩𝑩𝑩𝒙𝒙 + 𝑛𝑛. (4) 

In contrast to other studies, the designed 
precoding matrix will include azimuth and elevation 
angle control components. Fig. 3 brings forward an 
example of a multi-panel antenna structure, where 𝑁𝑁𝑔𝑔 
is the number of panels with 𝑁𝑁1 × 𝑁𝑁2 antenna ports and 
2 × 𝑁𝑁1 × 𝑁𝑁2 polyrod antennas in each panel. 𝑎𝑎 and 𝑏𝑏 
stand for the distance between 2 adjacent antenna ports 
in the same panel and 2 adjacent antenna ports in 2 
panels respectively.  

In this part, we represent a robust framework that 
includes four individual functionalities as shown in 
Fig. 4. More specifically, each task will be 
demonstrated with corresponding parameters and 
equations in an effective way.    
 

 
Fig. 3. Multi-panel antenna structure 

 

 
Fig. 4. Robust precoding design with beam 
management 

2.3. Beamforming with Azimuth and Elevation Angle 
Factors 

In order to reduce the computational complexity of 
precoding design, that helps to form the beam. 
Let the variables 𝑝𝑝 ∈ [0,1, … ,𝑁𝑁1𝑂𝑂1 − 1] and 
𝑘𝑘 ∈ [0,1, … ,𝑁𝑁2𝑂𝑂2 − 1] determine the sweeping steps 
of the horizontal and vertical direction, 
correspondingly. Based on 3GPP standardization 
38.214, Rel 15.3-Table 5.2.2.2.2, the supported 
configurations of �𝑁𝑁𝑔𝑔,𝑁𝑁1,𝑁𝑁2� and (𝑂𝑂1,𝑂𝑂2) are given 
for example in Table 1. 

https://deepai.org/publication/neural-networks-in-hybrid-precoding-for-millimeter-wave-massive-mimo-systems#S2.F1
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Table 1. Multi-panels massive MIMO configuration. 

Number of antenna ports �𝑁𝑁𝑔𝑔,𝑁𝑁1,𝑁𝑁2� (𝑂𝑂1,𝑂𝑂2) 𝑁𝑁1 × 𝑂𝑂1 𝑁𝑁2 × 𝑂𝑂2 

8 (2,2,1) (4,1) 2 × 4 = 8 1 × 1 = 1 

16 (2,4,1) 

(4,2.1) 

(2,2,2) 

(4,1) 

(4,1) 

(4,4) 

4 × 4 = 16 

2 × 4 = 8 

2 × 4 = 8 

1 × 1 = 1 

1 × 1 = 1 

2 × 4 = 8 

32 (2,8,1) 

(4,4,1) 

(2,4,2) 

(4,2,2) 

(4,1) 

(4,1) 

(4,4) 

(4,4) 

4 × 8 =  32 

4 × 4 =  16 

4 × 4 =  16 

2 × 4 =  8 

1 × 1 =  1 

1 × 1 =  1 

2 × 4 =  8 

2 × 4 =  8 

 
 

 
 

Fig. 5. Logical antenna array with 𝑁𝑁1 =  4 and 
𝑁𝑁2 =  2, with dual-polarization factor 

 
Fig. 6. An illustration of the beamforming matrix that 
controls each antenna element 

 
To simplify the expressions, let 𝑎𝑎𝑝𝑝 denotes the 

vertical beam control vector. 𝑎𝑎𝑝𝑝 is given as 

 𝑎𝑎𝑝𝑝 =

� �1, 𝑒𝑒
2𝜋𝜋𝜋𝜋
𝑂𝑂2𝑁𝑁2, … , 𝑒𝑒

2𝜋𝜋𝜋𝜋(𝑁𝑁2−1)
𝑂𝑂2𝑁𝑁2 �  𝑓𝑓𝑓𝑓𝑓𝑓 𝑁𝑁2 > 1

                                           1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑁𝑁2 = 1
 

(5) 

Fig. 5 represents the antenna port, with 𝑁𝑁1,𝑁𝑁2 are 
the number of antenna elements in the horizontal and 
vertical direction. In the actual antenna array, 𝑂𝑂1 ,𝑂𝑂2 are 
the oversampling factors from logical antenna port to 
the physical antenna array to rise antenna radiated 
energy. In short, the number of physical antennas in this 
case would be 𝑁𝑁1 × 𝑁𝑁2 × 𝑂𝑂1 × 𝑂𝑂2. In this work, we 
consider each antenna is dual-polarized with deflection 
angle φ𝑛𝑛.  

This polarization element will be described in the 
next part, meanwhile, the precoding matrix element 
𝑏𝑏𝑝𝑝,𝑘𝑘 with azimuth 𝑝𝑝 and elevation angle factor 𝑘𝑘, is 
designed as    

𝑏𝑏𝑝𝑝.𝑘𝑘 = �𝑎𝑎𝑝𝑝, 𝑎𝑎𝑝𝑝𝑒𝑒
2𝜋𝜋𝑝𝑝
𝑂𝑂1𝑁𝑁1 , … , 𝑎𝑎𝑝𝑝𝑒𝑒

2𝜋𝜋𝑝𝑝(𝑁𝑁1−1)
𝑂𝑂1𝑁𝑁1 �. 

(6) 

 From (6) it can be seen that, 𝑏𝑏𝑝𝑝,𝑘𝑘 is designed in 
baseband domain to manage beamforming in azimuth 

and elevation angle. 𝑒𝑒
2π𝑘𝑘
𝑂𝑂1𝑁𝑁1 and 𝑒𝑒

2π𝜋𝜋
𝑂𝑂2𝑁𝑁2 are the beam 

control parameters with 𝑘𝑘 ∈ (0,1, … ,𝑂𝑂1𝑁𝑁1)and 
𝑝𝑝 ∈ (0,1, … ,𝑂𝑂2𝑁𝑁2), that allows adjusting the phase 

factor vertically and horizontally in the range from 0 
degree to 360 degrees. Let [BF] define the beam 
forming vector in a single panel with 1 layer, it can be 
interpreted that the [BF] vector comprises 2 × 𝑁𝑁1 × 𝑁𝑁2 
beamforming coefficient as shown in Fig. 6. 

2.4. Polarization 

To improve energy efficiency, as well as frequency 
efficiency, the method of using dual-polarization 
antenna offers additional degrees of freedom to 
generate beams efficiently. The concept of dual-
polarized antenna is based on the angle between two 
polyrod antenna elements. Different from conventional 
orthogonal polarization design, we denote the angle 
φ𝑛𝑛 ,𝑛𝑛 ∈ [1, … ,4] to design a beam pattern that gives the 
desired beam shape.    

Here, the index 𝑛𝑛 represents four scenarios 
(vertical, horizontal, right hand or left hand) that 
control antenna polarization. 𝑛𝑛 = 0 means 
φ𝑛𝑛 = 0 in this case two in phase polyrod antenna 
creates horizontal polarization.  

Similar to the first case, with 𝑛𝑛 = 1, 𝑛𝑛 = 2 and  
𝑛𝑛 = 3 we have φ𝑛𝑛 = 𝑒𝑒𝑗𝑗π/2, φ𝑛𝑛 = 𝑒𝑒𝑗𝑗π and  
φ𝑛𝑛 = 𝑒𝑒3𝑗𝑗π/2 corresponding with two square-phase 
polyrod antenna, two reverse phase antenna and two 
square-phase polyrod antenna creating right (left) hand 
circular, vertical, and left (right) hand polarization 
respectively. Therefore, with a specific requirement, it 
is simple to calculate polarization mask for combining 
in low complicated precoding matrix.  
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2.5. Space-Time Block Code 

Space-time block code mask has the same size 
with precoding matrix, separated by space and time 
between each antenna and between symbols. This 
function is an essential part, especially in m-MIMO 
communication. Instead of separating space-time 
block code in a different step as the conventional 
model, this paper illustrates the way to integrate it in 
the precoding matrix. Data after previous masks is 
encoded utilizing space-time block code, the output is 
𝑁𝑁𝐿𝐿 layers 

The rows in the space-time block code have 
orthogonal properties, then ensuring orthogonality in 
the output signal streams. A space-time block code is 
defined by a same size with precoding matrix. The 
number of antenna is used to separate different code 
from each other.  

For instant with space-time block code and input 
data below illustrate how to separate output 

�

1 1 1
1 −1 1
1 1 −1
1 −1 −1

�× �
𝑋𝑋1
𝑋𝑋2
𝑋𝑋3
� ⇒ �

𝑋𝑋1 + 𝑋𝑋2 + 𝑋𝑋3
𝑋𝑋1 − 𝑋𝑋2 + 𝑋𝑋3
𝑋𝑋1 + 𝑋𝑋2 − 𝑋𝑋3
𝑋𝑋1 − 𝑋𝑋2 − 𝑋𝑋3

� 

In this example, the 4 outputs 𝑋𝑋1 + 𝑋𝑋2 + 𝑋𝑋3, 
𝑋𝑋1 − 𝑋𝑋2 + 𝑋𝑋3, 𝑋𝑋1 + 𝑋𝑋2 − 𝑋𝑋3 and 𝑋𝑋1 − 𝑋𝑋2 − 𝑋𝑋3 are 
independent of each other. Depending on the number 
of antenna ports and the number of input data streams, 
the space-time block code mask will be designed 
accordingly.  

 

Table 2. Table of precoding parameters description 

Parameters Range Value Description 

𝑘𝑘 0, 1, . . .,  

𝑁𝑁1𝑂𝑂1 −  1 

Vertical Angle 
control parameter 

𝑝𝑝 0, 1, . . .,  

𝑁𝑁2𝑂𝑂2–  1 

Horizontal Angle 
control parameter 

𝑛𝑛 0, 1, 2, 3 Polarization  
control parameter 

 
 
3. Numerical Results 

We consider a massive MIMO system with 
antenna array configuration Ng = 2, N1 = 8, N2 = 2,  
O1 = 4 and O2 = 4 and the number of input layers is 
𝑁𝑁𝐿𝐿 = 2. The multi-panel MIMO model and system 
parameters and performance requirements are specified 
in Table 3. 

The antenna polarization cases will be selected 
with the corresponding requirement. Space-time block 
code mask with 2 columns and 64 rows with orthogonal 
property. By using phase array toolbox in Matlab, this 
paper simulated the way to control beam forming with 
azimuth and elevation factors. Azimuth angle was 
controlled by p, we show 2 different cases with the 
same elevation factor 𝑘𝑘 = 1 and show the changes of 
azimuth angle with increase parameters 𝑝𝑝 = 1 and 
𝑝𝑝 = 15. We can see that azimuth angle was changed 
with its coefficient as demonstrated in Fig. 8 and Fig. 9. 
When 𝑝𝑝 increasing from 1 to 15, the number of main 
beams grows up from 1 to 8 with a larger azimuth angle 
and diversified directions. 

 

 
Fig. 8. Control azimuth angle in the first case with 
parameters 𝑝𝑝 = 1 and 𝑘𝑘 = 1 

  

Algorithm 1 Solution to precoding matrix. 
Input:  Channel state information, antenna 
configuration with 𝑁𝑁1,𝑁𝑁2,𝑂𝑂1,𝑂𝑂2, requirement of 
beam direction, antenna polarization and input data.  

1. Consider initial beam direction with range 
of azimuth and elevation angles, type of 
polarization and space-time block code. 
Set up corresponding parameters.  

2. While have updating requirement for 
precoding matrix. do 

1. Calculate and update parameters 𝑝𝑝 
and 𝑘𝑘 with corresponding azimuth 
and elevation angle given in 
Table  2. 

2. Consider polarization type and 
update 𝑛𝑛. 

3. Specify number of antenna 
element and input date and 
compute space-time block code 
mask. 

4. Calculate energy distribution 
coefficient.  

End While 
3. Multiply precoding matrix with input data.   

Output: Data matrix after precoding. 
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Table 3. Multi-panels configuration with 𝑁𝑁𝑔𝑔,𝑁𝑁1,𝑁𝑁2 parameters 

 
 

 
Fig. 9. Control azimuth angle in the first case with 
parameters 𝑝𝑝 = 15 and 𝑘𝑘 = 1 

When 𝑘𝑘 rises from 1 to 15, the number of main 
beams increases from 1 to 8 with a larger azimuth angle 
and diversified directions. In conclusion, depending on 
different requirements the corresponding azimuth and 
elevation angle parameters will be calculated. 

Similar to the first simulation, Fig. 10 and Fig. 11 
proved that the elevation angle control factor will be 
considered by utilizing the same azimuth factor 𝑝𝑝 = 1 
and rise elevation angle control parameter with 𝑘𝑘 = 1 
and 𝑘𝑘 = 15. We can see also that more main beams and 
bigger elevation angles in various directions are created 
when rising 𝑘𝑘. 

 
Fig. 10. Control elevation angle in the first case with 
parameters 𝑝𝑝 = 1 and 𝑘𝑘 =  1 
 

 
Fig. 11. Control elevation angle in the first case with 
parameters 𝑝𝑝 = 1 and 𝑘𝑘 = 15 
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This paper simulated another example with 
antenna array configuration Ng = 4, N1 = 4, N2 = 4,  
O1 = 4 and O2 = 4 to indicate how beams change with 
different antenna configurations. When the number of 
antenna ports grows up, it means that the radiated 
energy of the antenna array increases. Fig. 12 shows the 
simulation result with 𝑝𝑝 = 1 and 𝑘𝑘 = 1 and the result 
with 𝑝𝑝 = 7 and 𝑘𝑘 = 7  is shown in Fig. 13. To compare 
with the first antenna array configuration simulation, 
when utilizing the same p, k, more main beams are 
created due to more radiated energy of the antenna 
array. In summary, each parameter of four 
functionalities will be calculated based on specific 
antenna array configuration and input requirement.  

 

 
Fig. 12. Beamforming simulation with 𝑝𝑝 = 1 and 𝑘𝑘 =
1 

 

 
Fig. 13. Beamforming simulation with p = 7 and k = 7 

 

4. Conclusion 

In this paper, we first formalized an overview of 
low complexity precoding matrix corresponding with 
the number of antenna ports and input data. Following, 
a robust framework was proposed to clarify four 
individual functionalities with specific parameters. 
Simulation results demonstrate the effectiveness of low 
computational precoding, beamforming management 
with azimuth and elevation factors. Future works 
should progress based on artificial intelligence for real-
time processing purposes. 
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