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ABSTRACT  

In this paper the performance of a hybrid MIMO scheme is evaluated with Beamforming, where the hybrid 

MIMO scheme presents a diversity gain and multiplexing at the same time, and it includes the beamforming with the 

purpose of strengthening more the transmission. The results obtained show that the hybrid MIMO structure with 

beamforming improves on average 5.4dB the quality of the information received, with schemes of modulation 4QAM, 

16QAM and 64QAM. 
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1. INTRODUCTION 

The technological advance in the 

telecommunications has proportioned an exponentially 

growth in the data consumption, the demand of high 

quality and capacity for the wireless communication 

systems demands new alternatives for the realization of 

transmission and efficient reception.  The MIMO 

technology (Multiple Input Multiple Output) with the use 

of multiples antennas to simultaneously transmit multiple 

data flows in wireless communication systems have 

allowed to increase the transmission speed allowing more 

terminals to be served simultaneously [1]. The use of 

multiples channels makes it necessary to find good 

techniques to achieve a high speed transmission and 

reliability. The STBC technique allows to obtain diversity 

gain with the use of Alamouti scheme, which encodes a 

space- time signal through the transmit antennas creating 

redundancy, which reduces the probability of interruption 

and improves the reliability. The VBLAST technique 

allows obtaining spatial multiplexing gain by dividing the 

initial data flow into subflows depending on the number of 

antennas used in the structure [2], thus achieving a high 

spectral efficiency while being relatively simple to 

implement [3]. 

The MIMO systems work with sectorized or 

omnidirectional antennas that can provide a loss of 

resources since the vast majority of the power of the 

transmitted signal is radiated in different directions to the 

desired user obtaining the interference of any other [4]. 

For this reason, the adaptive Beamforming that has been 

studied in recent years, allows to improve the power and 

thus reduce the co-channel interference to increase the 

performance of the error rate and the capacity of the 

channel. 
In [5] the authors propose a hybrid MIMO 

structure (HMS) whose main objective is to exploit the 

diversity gain by protecting the high priority data so that 

they can be received with fidelity, and in turn, low priority 

data is transmitted by spatial multiplexing to achieve a 

high data rate. To achieve these two possible 

improvements, a modification is made in the interference 

cancellation algorithm used in the traditional MIMO 

schemes. In [6] it is proposed the combination of an 

optimum reception beamformer with the Alamouti 

transmission (STBC) modifying the decoding process. In 

[7] the authors propose a communication scheme with 

adaptive beam conformation for the uplink of the cellular 

system with space-time encoding in layers (VBLAST) that 

aims to effectively suppress co-channel interference by 

improving the quality of communication. 
This document aims to proposes the model 

receiver of a hybrid MIMO- beamforming transmission 

scheme with 3 transmitting antennas and 3 receiving 

antennas and evaluate their performance with modulation 

4QAM, 16QAM and 64QAM to verify the impact on the 

performance of a hybrid MIMO structure with 

beamforming, the latter adjusts the complex weights at the 

output of each element of the array to produce a pattern 

that optimizes the reception of the signal along the 

direction of interest, considering channel knowledge [4]. 

This process allows to place a greater power in the 

direction of the desired signal and decrease it in the 

direction of interfering signals, and thus, to use resources 

in a better way, reducing the effects of co-channel 

interference, multipath fading and background noise. 
 

2. SIMULATION SYSTEM 

The MIMO systems have shown that, if 𝑁𝑇𝑥 

transmit antennas and 𝑁𝑅𝑥receive antennas are equipped, 

the capacity (data rate) of the system is improved up to a 

factor of 𝑁𝑇𝑥 × 𝑁𝑅𝑥, in function of the conditions of the 

wireless channel. The main obstacles in wireless 

communication are dispersion, multipath, attenuation and 

Doppler shift. Together they are called as noise in the 

system [8]. 

 

2.1 Channel modeling 

The communication is made through a Rayleigh 

channel with almost static fading, that is, a random 𝐻 

channel matrix is generated whose inputs are Gaussian 

random variables circularly symmetric. This 𝐻 matrix 
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remains constant throughout the block of symbols, and, for 

each block, a matrix independent of the previous one is 

generated [9].  

The reception can be expressed as: 

 

𝑥(𝑘) = √𝑆𝑁𝑅𝐻(𝑘)𝑠(𝑘) + 𝑣(𝑘) 

 

Where 𝑥(𝑘) denotes the vector of received 

symbols, 𝑠(𝑘) denotes the vector of transmitted symbols, 

𝐻(𝑘) denotes the matrix of channels and 𝑣(𝑘) is the 

Gaussian noise vector symmetrically distributed and with 

zero variance. 

 

2.2 Alamouti scheme 

This scheme provides a significant increase in 

transmission speed, range and reliability, through different 

replicas sent without the need to increase bandwidth [8]. A 

sequence of symbols is transmitted through a flow 

analyzer to produce multiple parallel spatial sequences of 

symbols [10].  The Alamouti scheme takes two transmit 

antennas regardless of the number of receive antennas for 

the encoding operation.  

The scheme is given by: 

 

𝑆𝐺2(𝑘, 𝑘 + 1) = [
𝑠1 −𝑠2
𝑠2 𝑠1

] 

 

Basically, the columns of each coding scheme 

represent a different time instant, whereas the rows 

represent the symbol transmitted through each different 

antenna. That is to say, the first and the second column 

constitute the transmission in the first and second instant 

of time, respectively, the symbol 𝑠1 and the symbol 𝑠2 are 

transmitted from antenna 1 and antenna 2, respectively, 

with a duration 𝑘, then at time 𝑘 + 1, the symbols −𝑠2  

and 𝑠1  are transmitted[11]. 

 

2.3 VBlast 

Vertical-BLAST has a simple transmission 

process. The initial data flow is divided and distributed 

among the transmit antennas. Each of these flows is 

encoded in the symbols of the modulation scheme used 

independently and all of them are transmitted 

simultaneously in bursts. The 𝑁𝑅𝑥 receiver antennas 

operate independently and in the same frequency band, 

and each one receives signals from all transmitters, 

although modified differently by the effect of multipath 

fading and AWGN noise (Additive White Gaussian 

Noise). Then the appropriate processing is performed on 

the receiver to separate the sequences of symbols 

transmitted by each antenna [2]. The process in the 

receiver is divided into two steps: 

 

▪ Estimation of the received symbol after the 

suppression of the interference. The suppression is 

done by linearly weighting the received symbols with 

a vector 𝑤 satisfying the criteria of Minimum Mean 

Squared Error (MMSE). 

▪ Cancellation of the decoded symbol in the received 

signal. The effect of the symbols already detected can 

be subtracted from the received signal, in which there 

are still symbols to be extracted. 

 

2.3.1 Mimimum mean squard error (MMSE) 
In the MMSE criterion the vector of the weights 

𝑤𝑖
𝑇

 is obtained from the i-th row of the matrix: 

 

𝑊 = (𝐻𝐻𝐻 + 𝜎2𝐼𝑁𝑇𝑥
)
−1
𝐻𝐻 

 

where 𝐻 is the random channel, 𝜎2 sigma is the 

variance of noise and 𝐼𝑁𝑇𝑥
 is an identity matrix 𝑁𝑇𝑥 ×

𝑁𝑇𝑥. Prior to calculating 𝑊, columns corresponding to 

previous iterations must be replaced by zeros in 𝐻. 
 

2.4 Adaptive Beamforming 

The Beamformer is a processor that is used 

together with an array of sensors to provide a versatile 

form of Space Filtering in systems where the desired 

signal and interfering signals are received at the same 

time, but from different spatial locations. 

 

 
 

Figure-1. Adaptive beamforming. 

 

In Figure-1 a type of former is illustrated, in 

which the signal of interest is sampled in space. The input 

signals come from an array of antennas. The output of the 

trainer is given by [12]: 

 

𝑦(𝑘) = ∑ 𝑤𝑚

𝑁𝑅𝑥

𝑚=1

𝑥𝑚(𝑘) 

 

Where (∙)  indicates the conjugate. This 

equation is the multiplication between the input data 

𝑥𝑚(𝑘) and the conjugate complex of the weights 𝑤𝑚. 

The latter can weigh both the amplitude and the phase of 

the data to produce the desired signal.  

The previous equation can be expressed in vector 

form as: 
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𝑦(𝑘) = 𝑤𝐻(𝑘)𝑥(𝑘) 

 

Where 𝑤 = [𝑤1, 𝑤2. . . 𝑤𝑁𝑅𝑥
]
𝑇

are the weights 

that allow to detect the desired signal. 

However, the constantly changing of the 

propagation environment, such as in a mobile cellular 

network, where the arrival angles of the transmitters 

change continuously with the time, in this way the fixed 

Beamformer becomes ineffective. In such an environment 

the adaptive Beamforming technique is used to overcome 

the problems of fixed beam formation [13]. This adaptive 

beam formation combines the inputs of multiple antennas 

to form very narrow beams towards individual users in a 

cell. This processor is capable of taking signals placed in 

the frequency band, and separated in the spatial domain. 

Which provides a means to separate a desired signal from 

the interference signal [4]. 
The adaptive algorithm calculates the appropriate 

complex weights to direct the maximum radiation of the 

antenna pattern towards the desired user and makes the 

radiation zero towards the interfering directions. There are 

several adaptive algorithms used that are typically 

characterized in terms of their properties of convergence 

and computational complexity as can be consulted in [4]. 

 

2.4.1 Least mean square (LMS) 

It is a non-blind adaptive algorithm based on the 

gradient descent method to update the weights of the 

matrix. Iteratively, it makes corrections in the weight of 

the matrix to achieve the Minimum Mean Squared Error 

[14]. The weight update equation is denoted by means of 

the expression 𝑤(𝑘 + 1).  

 

𝑦(𝑘) = 𝑤𝐻(𝑘)𝑥(𝑘) 

𝑒(𝑘) = 𝑑(𝑘) − 𝑦(𝑘) 

𝑤(𝑘 + 1) = 𝑤(𝑘) + 𝜇𝑥(𝑘)𝑒 (𝑘) 

 

Where 𝑑(𝑘) and 𝑦(𝑘) denote the desired signal 

and the output matrix respectively. 𝑒(𝑘) denotes the error 

signal and 𝑥(𝑘) denotes the input signal sampled. 

The convergence of the LMS depends directly on 

the size of the step 𝜇. This parameter is in a range of 0 <

𝜇 ≤
1

2𝜆𝑚𝑎𝑥
. Where 𝜆𝑚𝑎𝑥 is the trace of the 

autocorrelation matrix as can be found in [15]. 

𝑅𝑥𝑥 = 𝑥𝑥𝐻  

 

3. HYBRID MIMO SYSTEM WITH  

BEAMFORMING 

 

3.1 Signal model 

 

According to [12] the signal on the sensor of a 

uniform linear array (ULA) is modeled as a phase shift 

and an impulse response, shown below: 

𝑥𝑚(𝑘) = 𝐻𝑚(𝑓𝑐, 𝜃)𝑆𝑜(𝑘)𝑒
−𝑗2𝜋𝑓𝑐𝜏𝑚 + 𝑣(𝑘) 

Where 

 

▪ 𝐻𝑚(𝑓𝑐 , 𝜃)is the frequency response of the antenna. 

Since the array antennas are considered isotropic, this 

term is assumed to be equal to 1. 

▪ 𝑆𝑜(𝑘)is the signal emitted by the source. 

▪ 𝑣(𝑘)represents the components of additive noise and 

thermal noise. 

 

In addition, the expression 𝜏𝑚 corresponds to the 

delay with which the signal is received in the mth sensor 

with respect to the first sensor, and it is given, for a ULA, 

by: 

𝜏𝑚(𝜃) = (𝑚 − 1)
𝑙𝑠𝑖𝑛𝜃

𝑐
 

 

Where 𝑐 is the propagation velocity of the wave, 

𝜃 the angle of arrival of it and 𝑙 is the separation between 

elements of the array that must be 𝑙 ≤
𝜆

2
 to avoid spatial 

aliasing. 

 

3.2 Hybrid MIMO system 

In [5] the hybrid MIMO structure, called G2 + 1, 

is presented. This hybrid scheme, whose structure is 

shown in Figure-2, employs an array of three-element 

transmission antennas with two layers of spatial 

multiplexing. 

 

 
 

Figure-2. Hybrid structure G2+1. 

 

In the first layer, a standard space-time block 

code G2 (Alamouti) is used, and the other layer is not 

encoded in space-time, following the VBLAST approach. 

In the G2 + 1 scheme, the transmitted signals can be 

organized in encoding matrix equivalent to the space-time. 

 

𝑠(𝑘) = [𝑠1, 𝑠2, 𝑠3, 𝑠4] 
 

𝑆(𝑘, 𝑘 + 1) = [
𝑠1 −𝑠2
𝑠2 𝑠1
𝑠3 𝑠4

] 

 

Where the spatial dimension varies according to 

the row and the temporal dimension in column. From 

𝑆(𝑘, 𝑘 + 1), it can be seen that 4 symbols (two from 
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each multiplexing layer) are transmitted in 2 consecutive 

instants of time. 

Therefore, the effective spectral efficiency of this 

structure is equal to: 

 

𝜂𝐺2+1 = 2 ∙ 𝑙𝑜𝑔2𝑀𝑏𝑖𝑡𝑧 𝐻𝑧⁄  

 

3.3 Hybrid MIMO system with beamforming 

Figure-3 shows the proposed MIMO hybrid 

receiver system with Beamforming that have𝑁𝑇𝑥 = 3 

and 𝑁𝑅𝑥 = 3. The symbols are transmitted in 

transmission blocks, where each block has 4 symbols 

according to the configuration of the G2 + 1 scheme and 

they are modeled according to the parameters of a uniform 

linear matrix, so we have to: 
 

𝑋(𝑘, 𝑘 + 1) = (𝐴(𝜃) ∙ 𝐻)𝑆(𝑘, 𝑘 + 1)
+ 𝑉(𝑘, 𝑘 + 1) 

 

Where 𝑋 ∈ 𝐶𝑁𝑅𝑥×𝑇  denotes the matrix of received 

symbols, 𝑇 are the instants of time to transmit a block, 

𝑆 ∈ 𝐶𝑁𝑇𝑥×𝑇 denotes the matrix of transmitted symbols, 

𝐻 ∈ 𝐶𝑁𝑅𝑥×𝑁𝑇𝑥   denotes the channel matrix, 𝐴 ∈
𝐶𝑁𝑅𝑥×𝑁𝑇𝑥  denotes the matrix of offsets, and finally, 

𝑉 ∈ 𝐶𝑁𝑇𝑥×𝑇 is the matrix of AWGN (Additive white 

Gaussian noise). 

The main objective of the adaptive processor is to 

detect the angle of arrival (DOA) and update the weights 

vector in favor of the preferred signal by means of the 

LMS algorithm that has knowledge of the 𝐻 channel 

matrix and is responsible for correcting the distortion 

iteratively by means of the set of weights 𝑤 =
[𝑤1, 𝑤2, 𝑤3]. In this way, the algorithm processes the 

first and second instant of each transmission block, 

obtaining a new optimized received signal matrix 

𝑌𝜖𝐶𝑁𝑇𝑥×𝑇 

𝑌𝑁𝑅𝑥,𝑇 = ∑∑𝑤𝑖
𝐻(𝑘)𝑥𝑖(𝑘)

𝑁𝑅𝑥

𝑖=1

𝑇

𝑘=1

 

 

Once the Beamformer delivers the matrix Y of 

processed symbols correcting the phase shift from the 

arrival angle, the G2 + 1 scheme, which seeks to mitigate 

the interference of the layers, obtains an output that 

consists in a single encoded space-time signal or of a 

unique non-uncoded stream [16]. As it is seen in Figure-3 

the layers are processed successively. 

 

 
 

Figura-3. Receiving structure proposed hybrid MIMO with beamforming. 

 

3.2.1 Detection process 

 

▪ Detection of the G2 layer 

First the layer G2 that is more robust is detected 

using a decoder for the Space-time Block Code (STBC) 

used in this layer. 

Since the Alamouti layer has a scenario 𝑁𝑇𝑥 =
2 and 𝑁𝑅𝑥 = 2, after removing the interference from the 

non-coding layer, the symbols in the receiver are as 

follows: 

 

𝑦1,1 = ℎ1,1𝑠1 + ℎ1,2𝑠2 + 𝑣1,1 

𝑦1,2 = −ℎ1,1𝑠2 + ℎ1,2𝑠1 + 𝑣1,2 

𝑦2,1 = ℎ2,1𝑠1 + ℎ2,2𝑠2 + 𝑣2,1 

𝑦2,2 = −ℎ1,1𝑠2 + ℎ1,2𝑠1 + 𝑣2,2 

 

For this, the channel equivalent to layer G2 that 

corresponds to both first rows and columns of 𝐻, that is 

 

𝐻𝐺2 = [
ℎ1,1 ℎ1,2
ℎ2,1 ℎ2,2

] 

Now, to estimate 𝑠1 and 𝑠2 

 

𝑠1 = ℎ1,1𝑦1,1 + ℎ1,2𝑦1,2 + ℎ2,1𝑦2,1 + ℎ2,2𝑦2,2 

𝑠2 = ℎ1,2𝑦1,1 + ℎ1,1𝑦1,2 + ℎ2,2𝑦2,1 + ℎ2,1𝑦2,2 
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The statistic decision of the decoder ML is used, 

which decodes in favor of 𝑠1 and 𝑠2 over all possible 

values of 𝑠1 and 𝑠2 depending on the type of modulation 

used. After detecting 𝑠𝐺2 = [𝑠1, 𝑠2] then it is 

regenerated. 
▪ Interference Cancellation 

An annulment of the impact of the first layer of 

the received signal is made by means of Successive 

Interference Cancellation (SIC). 

 

𝑌′ = 𝑌 − 𝐻𝐺2𝑠𝐺2 

 

▪ Detection of the VBLAST layer 

Finally, the remaining signal is filtered spatially 

by means of the Minimum Mean Squared Error (MMSE) 

to obtain the symbols of the last layer 𝑠𝑉𝐵𝐿𝐴𝑆𝑇 =
[𝑠3, 𝑠4]. 
 

𝑠𝑉𝐵𝐿𝐴𝑆𝑇 = 𝑊𝑀𝑀𝑆𝐸𝑌
′ 

 

 

 

4. RESULTS AND DISCUSSIONS 

In this section, an analysis of the performance of 

the MIMO structure with Beamforming proposed in terms 

of SER (Symbol Error Rate) is presented, using a Monte-

Carlo approach that analyzes the results per symbol versus 

SNR in dB. The performance of the hybrid MIMO 

structure is compared with the hybrid MIMO structure 

with Beamforming. The modulations used were 4QAM, 

16QAM and 64QAM. They are considered schemes with 

the same number of transmit and receive antennas, this 

implies that all have the same potential to achieve 

diversity and multiplexing gains. The symbol rate is 

analyzed in the proposed schemes, which is the 

fundamental basis for the development of the hybrid 

structures and the results are supported in works published 

in the IEEE. 
 

4.1 Simulation parameters 

MIMO system with 3 receiving antennas and 3 

transmitting antennas, the 𝐻 channel matrix that is 

generated randomly, with Rayleigh fading under the 

effects of Gaussian noise. A transmission of 1 × 105 

symbols is handled, at a carrier frequency of 1GHz and a 

distance between receiving antennas of 
𝜆

2
. These 

parameters are preserved for both schemes. The hybrid 

scheme has channel knowledge.  

 

 
 

Figura-4. MIMO hybrid system beamforming with 

4QAM modulation. 

 

Figure-4 shows the result for a 4QAM 

modulation. The Beamforming optimizes the G2 + 1 

algorithm achieving approximately a gain of 5.8 dB for a 

symbol error rate of 1 × 10−4. Graphically the curve is 

displaced confirming a better performance of the system. 

 

 
 

Figura-5. MIMO hybrid system beamforming with 

16QAM modulation. 

 

The G2 + 1 scheme optimized with Beamforming 

with 16-QAM modulation is shown in the Figure-5. In this 

case a gain of 5.5 dB is obtained for a symbol error rate of 

1 × 10−4. Due to the greater number of bits that are 

transmitted, the gain decreases, because there is a greater 

probability of error. 
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Figure-6. 5.1 dB for the same symbol error rate. 

 

Finally, the optimization of G2 + 1 with 64-QAM 

is illustrated in the Figure-6, where the gain is 5.1 dB for 

the same symbol error rate. It is the smallest gain obtained 

due to the largest possible number of symbols. 

The presence of beam formation (Beamforming) 

in the diversity and multiplexing scheme (G2 + 1) 

achieves an optimization due to the phase adjustment of 

the signals transmitted by means of a suitable set of 

weights 𝑤 [17], this technique allows the beam is 

narrower so the transmitted power is focused on the 

antenna of the desired symbol. The results show an 

improvement in the performance due to the use of this 

technique in the decoder of the G2 + 1 scheme that makes 

it more tolerant to the co-channel interference. 

 

5. CONCLUSIONS 

The ability to correct the deficiencies that affect a 

signal that is transmitted in a wireless medium, such as 

lag, fade and delay, make the Beamforming technique a 

good solution to mitigate these problems, this can be 

affirmed from of the obtained results, where an average 

gain of 6dB is obtained in the performance of the SER due 

to the sufficiency that this technique presents to mitigate 

the errors with which the signal is received. 

The non-blind adaptive algorithm LMS can be 

considered as a good technique for the rejection of 

interference since it has the possibility of knowing the 

degree of error with which a symbol is received and this 

allows it to perform the correction according to a signal of 

reference that tries to equalize, this makes it possible to 

obtain a greater number of detected correctly symbols and 

thus decrease the symbol error rate 

In an expanding wireless network, the 

frequencies will have to be reused, since the spectrum is 

not an unlimited resource, so the CCI is a constantly 

growing problem, however, the adaptive Beamforming 

technique constitutes an effective tool to suppress co-

channel interference, due to the orientation of the beam 

towards the direction of interest, this causes the interfering 

symbols of the other directions to be minimized in the 

receiver, and to increase the overall capacity of the 

network. 

Beamforming increases the SNR of the signal, in 

this way, in a wireless transmission system a smaller 

amount of power is required for reception to be efficient 

and, therefore, the signal can withstand noisy and 

attenuating channel environments. 
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