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Abstract 

The growth of wireless networking has contributed to the need for high-speed services and 

multimedia applications anywhere and at any time. OFDM WiMAX technology is now considered one of 

the most popular technologies capable of delivering faster implementation and lower cost than standard 

wired options for Broadband Wireless Connectivity in metropolitan areas. This paper proposes 

appropriate adaptive modulation to be used in wireless networks based on SISO and MIMO OFDM 

WiMAX, which allows the performance of the network to be improved in the case of non-line-of-sight 

communications that are typical in urban environments. The effects of several paths, signal attenuation, 

Doppler shift, and different mobility speeds on the performance of the system were investigated. 

Mathematical models analysis of adaptive modulation in SISO and MIMO systems is treated by using 

BER, SNR and noise components. Simulation results show that the adaptive algorithm would improve 

throughput. It can also be concluded that when processing signals in a receiving system under conditions 

of multi-path signal propagation, the use of adaptive algorithms has a positive effect on noise immunity. 

Keywords: 3GPP 3D channel model, MIMO, SISO, OFDM wireless, Elevation angles, Doppler shift 

 

 

Introduction 

Today, high data rate services, multimedia applications, and high-quality streams of information are 

in high demand and will continue in the near future. Wireless systems, for mobile users, are considered a 

viable and attractive solution for providing high data rates [1].  

The Physical and Medium Access Control (MAC) layer specifications for a Broadband Wireless 

Access (BWA) communication protocol have recently been provided by the IEEE 802.16 family of 

standards [2,3] and sponsored by the WiMAX commercial consortium. The use of Orthogonal Frequency 

Division Multiplexing (OFDM) to mitigate the adverse effects of frequency-selective multi-path fading 

and efficiently contrast inter-symbol and inter-carrier interferences (ISI and ICI) is among several 

alternatives to the IEEE 802.16 standards [4]. In particular, our focus is on the multiple orthogonal 

frequency division scheme, which forms the basis of the WiMAX system [1,3].  

OFDM is a digital modulation technique in which a signal at different frequencies is split up into 

several constricted band channels [5]. The main advantage of OFDM over single-carrier techniques is its 

ability to cope without complex equalization filters with harsh channel conditions since OFDM uses 

many slowly modulated constricted band signals rather than 1 rapidly modulated broadband signal [6]. To 

reduce multipath fading and inter carrier/symbol interference [7], the multi-carrier modulation 

characteristic of OFDM is useful in modern wireless technologies.  

In wireless communications, adaptive modulation is used to refer to the similarity in modulation, 

coding and other signal and protocol parameters to the radio link stipulations [8]. There are different 

coding schemes involved in OFDM, such as QPSK, BPSK, 8PSK, and QAM16. Depending on the values 

of a certain parameter such as: Bit Error Rate (BER) and Signal to Noise Ratio (SNR), the choice of a 

particular scheme is considered [9]. Such parameters affect the channel efficiency. The limits of channel 

estimation decide the coding scheme that should be used for this particular signal received [10]. Due to its 

advanced 2D pilot-based channel estimation scheme in the time and frequency domain, WiMAX is more 

robust for high Doppler fast fading mobile channels [11]. 
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A 3D channel model that accurately accounts for the elevation angles of the rays is carried out to 

accurately determine the efficiency of the Multiple Input Multiple Output (MIMO) and single-input 

single-output (SISO) techniques in WiMAX. The 3D WiMAX channel model implemented has been 

verified and a good match with ray tracer statistics is maintained [12,13]. The concept of 2D propagation 

breaks down as the distribution of the elevation angle is significant in some environments. In such 

situations, channel capacity estimation and system-level performance can lead to imprecise results. When 

modeling the communication channel, measured 3D radiation patterns are used for macro-cell Base 

Station (BS) and user equipment (UE) antennas [12]. Employing adaptive modulation scheme in wireless 

propagation environments over fading networks would result in great performance enhancements.  

 

Adaptive signal processing algorithm 

In the general case, the receiving antenna array is separated into different blocks; in the case of the 

SISO system, there is a single antenna array (AR); and in the case of the MIMO system, AR is further 

divided into blocks forming the receiving antennas [14,15]. The methodology considered is based on the 

use of phase AR [16]. This algorithm is based on the calculation of the correlation matrix's eigenvalues 

and eigenvectors. The block diagram of the adaptive unit in the receiver for the MIMO system is shown 

in Figure 1. The SISO system adaptive block is similar, except that there will be 1 adaptation block and 

no space-time decoder is available. The receiving antenna array in an adaptive processing system is an 

AR consisting of N elements that form adaptive processing units. The process of forming adaptive 

directional characteristic provides not only the formation of a maximum in the direction of the path with 

the greatest power, but also the formation of zeros in the direction of the remaining paths. In this regard, 

there are restrictions on the choice of the number of AR elements, depending on the number of 

independent flows that must be obtained after adaptation, and the number of AR elements in a block 

depends on the number of paths. In addition, the width of the resulting directivity characteristics depends 

on the number of elements in the block. 

 

 

                                                     

 
 

Figure 1 Adaptive processing block diagram. 

 

 
As shown in Figure 1, the signal at the output of each adaptation block can be expressed as: 
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where  𝑤𝑖  are the values of ith weight vector; 𝑥𝑖 - samples of ith input signal and  𝑁 is the number of AR 

elements in one block. 

The received signal 𝑋(𝑡) can be written as the sum of the useful signal 𝑆(𝑡) and interference component 

𝑁(𝑡) [17]. 

 

 
As a result of weight processing, the output of the adaptive block will be an output signal that should 

contain a signal from the path with the highest power and a minimum from other directions. Thus, the 

task is to determine the optimal weight vector (𝑊𝑜𝑝𝑡) that maximizes the SNR [17]. 
 

  
 

where 𝑅𝑠𝑠 is the spatial correlation matrix of the signal; 𝑅𝑛𝑛 is the spatial correlation matrix of noise, W is 

the weight vector and  ( )𝐻 is the complex conjugation transposition operation (or Hermitian 

transposition). 
The correlation matrix is Hermitian and is defined as follows: 

  

 
 

where 𝑋 is the input signal vector; 𝐿 is the number of samples of the input signal. 

For any Hermitian matrix, the relation that is known from linear algebra, which is known as spectral 

decomposition (a set of eigenvalues), is valid, therefore, formula expression (4) can be written as: 
 

  
 

where 𝑉 is the unitary matrix of eigenvectors; Λ is the diagonal matrix of eigenvalues 𝜆𝑛 

 

 
 

Since the columns and rows of the matrix V are mutually orthogonal and normalized, then 

 

 
 

where 𝐼  is the identity matrix. It follows that 

 

 
 

The criterion for minimizing the output power of interference and noise provides an eigenvector of the 

matrix R corresponding to its maximum eigenvalue. 

After calculating the optimal vector, the input signal is weighted, as a result, the signal from the adaptive 

processing unit can be written as: 

 

 
 

The signal at the output of the adaptation block can be written as 

𝑋(𝑡) = 𝑆(𝑡) + 𝑁(𝑡)                                                                                                                                     (2) 

𝑞 =
𝑊𝐻𝑅𝑠𝑠𝑊

𝑊𝐻𝑅𝑛𝑛𝑊
                                                                                                                                                 (3) 

𝑅𝑠𝑠(𝑖, 𝑗) = 𝐸{𝑋(𝑖). 𝑋𝐻(𝑗)} =
1

𝐿
∑ 𝑋(𝑖). 𝑋𝐻(𝑗)𝐿−1

𝑖=0                                         (4) 

𝑅𝑌𝑌 = 𝑉𝛬𝑉𝐻                                                                                        (5) 

𝑉 = [𝑉1 𝑉2 ⋯ 𝑉𝑛], 𝛬 = [
𝜆1 0 0
0 ⋱ 0
0 0 𝜆𝑛

]                                                                 (6) 

𝑉𝑉𝐻 = 𝑉𝐻𝑉 = 𝐼                                                                                                     (7) 

𝑉−1 = 𝑉𝐻                                                                                                (8)            

                          (8) 

𝑌𝑊 = 𝑌𝐻𝑊𝑜𝑝𝑡                                                                                                 (9) 
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where 𝐻𝑊 is the modified channel matrix after weight processing 

 

 
 

System model 

If a straight line can be established between the network cells without any obstacles, a wireless 

communication connection between a transmitter (Tx) and a receiver (Rx) is known as a line of sight 

(LOS). Connection condition, i.e. if the path is LOS or non-line-of-sight (NLOS), specifies in channel 

models several important parameters, including the path loss (PL), angle distribution, etc. [18]. An 

adaptive algorithm 3D channel model based on antenna arrays that accounts for the elevation angles of 

the rays is carried out to accurately evaluate the performance of MIMO systems in WiMAX.  The 

adaptive processing unit will only be in the receiver and non-directional transmission will be performed 

by the transmitter. Adaptive signal processing can be extended to both conventional one receiving and 

one transmitting antenna communication systems, and spatial signal processing communication systems 

using a combination of antenna array transmitting and receiving elements. It was selected the carrier 

frequency of 2.5 GHz for each pair of transmitting and receiving antennas, which will have moderate 

signal attenuation for the wireless range selected. The distance and height of the base and mobile station 

location will be selected from the intended operation of the communication system in the 100 m high and 

25 km range zone.  

Channel propagation models are shown in Figures 2 and 3 below. Figure 2 shows the propagation 

paths in the XZ plane between the mobile and base station, where reflections are shown from the 

buildings and objects, where the direct path is also shown. Figure 3 shows a geometric model in the XY 

plane, which shows the reflections of signals from the buildings and the objects. The multi-path 

propagation of waves from buildings and objects is considered in this paper. A long-range communication 

system is considered by the model and is characterized by the presence of a direct LOS path or its absence 

of NLOS.  

 

 

Figure 2 Propagation model channel in the XZ plane. 

 

 

𝑌𝑊 = 𝐻𝑊𝑋 + 𝑁                                                                                           (10) 

𝐻𝑤 = 𝐻𝑊𝑜𝑝𝑡                                                                                               (11) 
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Figure 3 Propagation model channel in the XY plane. 

 

 

The locations of the BS transmitter and the MS receiver are defined by the high value ℎ𝐵𝑆, ℎ𝑀𝑆 and 

horizontal distance R. The horizontal distance takes into account the position of the base and mobile 

stations on the plane. In the figure, the straight path is characterized by the 𝐷𝐿𝑂𝑆 length and angles for the 

azimuth plane  𝜃𝐵𝑆
𝛼  and  𝜃𝑀𝑆

𝛼 , and for the elevation plane  𝜃𝐵𝑆
𝛽

 and  𝜃𝑀𝑆
𝛽

 that are calculated by known 

distance and high. The receiver can move relative to transmitter, and this movement is described by the 

velocity vector 𝑣𝑀𝑆, and the direction of the velocity vector is given by the angles 𝛾𝑀𝑆
𝛼  and  𝛾𝑀𝑆

𝛽
 . The 

signal emission angles of a transmitting antenna 𝜃𝐴𝑂𝐷
𝛼 , 𝜃𝐴𝑂𝐷

𝛽
, i.e., angles of departure (AoD), and 𝜃𝐴𝑂𝐴

𝛼 , 

𝜃𝐴𝑂𝐴
𝛽

, i.e. angles of arrival (AoA) at the reception, are characterized by a random value, which is set as an 

offset relative to the main path. The spread of subpaths, relative to the main path, is characterized by the 

values 𝜎𝐴𝑂𝐷 and  𝜎𝐴𝑂𝐴 , for simplicity are considered the same in both planes.  

As a result, the impulse response of a multi-path channel can be described by the following 

expression [19]. 

 

 
 

where 𝑎𝑛(𝑡) is the time-varying amplitude of the nth path, 𝜏𝑛(𝑡) is the time-varying propagation delay of 

the signal for the nth path, N is the number of paths. 

For the 3D WiMAX channel under consideration, the impulse response will have the form. 

 

 
 

where ℎ𝐿𝑂𝑆(𝑡, 𝜏) is the component describing the direct path; ℎ𝑅𝐵(𝑡, 𝜏) the component describes 

reflection from the building; ℎ𝑅𝑂(𝑡, 𝜏) the component describes the reflection from the Objects. 

Eq. (1) defines all the components of the signals that come from the direct direction and the 

directions of the reflections. Each component contains n reflected signals in addition to the direct path. 

The number of reflected signals depends on the distance and the number of buildings between the 

receiver and the transmitter. The situation becomes more complicated if the mobile station continues 

travelling relative to the base station. This leads to the addition of a doppler frequency shift to the 

multipath components. 

 

 

ℎ(𝑡, 𝜏) = ∑ 𝑎𝑛(𝑡)𝛿(𝜏 − 𝜏𝑛(𝑡))𝑁
𝑛=1                                                               (12) 

ℎ(𝑡, 𝜏) = ℎ𝐿𝑂𝑆(𝑡, 𝜏) + ℎ𝑅𝐵(𝑡, 𝜏) + ℎ𝑅𝑂(𝑡, 𝜏)                                               (13) 
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The mathematical representation of the direct path ℎ𝑠,𝑢
𝐿𝑂𝑆(𝑡, 𝜏) is written as [20,21]. 

 

 where K is the Rice coefficient; s is the number of antenna elements of the base station; u is the number 

of antenna elements of the mobile station; 𝑑𝐵𝑆
1  – the distance between the elements of the base station 

antennas in the horizontal plane; 𝑑𝐵𝑆
2 – the distance between the elements of the base station antennas in 

the vertical plane; 𝑑𝑀𝑆
1 – the distance between the mobile station elements of the mobile station in the 

horizontal plane;  𝑑𝑀𝑆
2  – the distance between the mobile station elements of the mobile station in the 

vertical plane; 𝐿𝑠(𝐷) – loss upon propagation of the wave [22]; 𝐺𝐵𝑆(𝜃𝛼 , 𝜃𝛽)– the gain of the transmitting 

antenna in the direction of the reflectors; 𝐺𝑀𝑆(𝜃𝑀𝑆
𝛼 , 𝜃𝑀𝑆

𝛽
)– is the gain of the receiving antenna of the 

mobile station. 

 

Components describing reflection from buildings, ℎ𝑠,𝑢,𝑛
𝑅𝐵 (𝑡, 𝜏), and objects, ℎ𝑠,𝑢,𝑛

𝑅𝑂 (𝑡, 𝜏), can be represented, 

respectively, as [23,24]. 

 

 

 
 

where 𝜉𝑛,𝑚is the  amplitude of macro reflectors and  ∅𝑛,𝑚 denotes the phase of the macro reflectors. 

Since the location of local objects in the model is randomly allocated among the transmitter and the 

receiver, the time of signal propagation is calculated based on the location of the base station, the mobile 

station, and objects with random coordinates.  

 

Simulation results 

For each pair of transmitting and receiving antennas, the frequency of the carrier was chosen of 2.5 

GHz and bandwidth of 20 MHz which will provide moderate signal attenuation for the selected wireless 

range. It was assumed that the base station is stationary and occupies a fixed position, while the mobile 

moves at a certain constant speed. The initial data for modeling are presented in Table 1. 

 

ℎ𝑠,𝑢
𝐿𝑂𝑆(𝑡, 𝜏) = √

𝐾

𝐾 + 1
. √𝐺𝐵𝑆(𝜃𝐵𝑆

𝛼 , 𝜃𝐵𝑆
𝛽

). √𝐺𝑀𝑆(𝜃𝑀𝑆
𝛼 , 𝜃𝑀𝑆

𝛽
). 𝐿𝑆(𝐷𝐿𝑂𝑆). 𝐿𝐴(𝐷𝐿𝑂𝑆). 

    𝛿(𝜏 − 𝜏𝐿𝑂𝑆) exp(𝑗𝑘𝑑𝐵𝑆
1 sin(𝜃𝐵𝑆

𝛼 )) exp(𝑗𝑘𝑑𝐵𝑆
2 sin(𝜃𝐵𝑆

𝛽
)) 

exp(𝑗𝑘𝑑𝑀𝑆
1 sin(𝜃𝑀𝑆

𝛼 )) exp(𝑗𝑘𝑑𝑀𝑆
2 sin(𝜃𝑀𝑆

𝛽
))  

exp (𝑗𝐾[𝑣𝐵𝑆 cos(𝜃𝐵𝑆
𝛼 − 𝛾𝐵𝑆

𝛼 ) cos(𝜃𝐵𝑆
𝛽

− 𝛾𝐵𝑆
𝛽

)  +   𝑣𝑀𝑆 cos(𝜃𝑀𝑆
𝛼 − 𝛾𝑀𝑆

𝛼 ) cos(𝜃𝑀𝑆
𝛽

− 𝛾𝑀𝑆
𝛽

)]𝑡)                 (14) 

ℎ𝑠,𝑢,𝑛
𝑅𝐵 (𝑡, 𝜏) = √

1

𝐾 + 1
. 𝐿𝑆(𝐷𝑛).

1

√𝑀
 . ∑

√𝐺𝐵𝑆 (𝜃𝐴𝑂𝐷𝑅𝐵,𝑛,𝑚
𝛼 , 𝜃𝐴𝑂𝐷𝑅𝐵,𝑛,𝑚

𝛽
)

√𝐺𝑀𝑆(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚
𝛼 , 𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚

𝛽
)

𝑀

𝑚=1

 

𝜉𝑛,𝑚∅𝑛,𝑚 exp(𝑗𝑘𝑑𝐵𝑆
1 sin(𝜃𝐴𝑂𝐷_𝑅𝐵,𝑛,𝑚

𝛼 )) exp(𝑗𝑘𝑑𝐵𝑆
2 sin(𝜃𝐴𝑂𝐷_𝑅𝐵,𝑛,𝑚

𝛽
)) 

exp(𝑗𝑘𝑑𝑀𝑆
1 sin(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚

𝛼 )) exp(𝑗𝑘𝑑𝑀𝑆
2 sin(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚

𝛽
)) 

exp (𝑗𝐾[𝑣𝐵𝑆 cos(𝜃𝐴𝑂𝐷_𝑅𝐵,𝑛,𝑚
𝛼 − 𝛾𝐵𝑆

𝛼 ) cos(𝜃𝐴𝑂𝐷_𝑅𝐵,𝑛,𝑚
𝛽

− 𝛾𝐵𝑆
𝛽

) + 

𝑣𝑀𝑆 cos(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚
𝛼 − 𝛾𝑀𝑆

𝛼 ) cos(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚
𝛽

− 𝛾𝑀𝑆
𝛽

)]𝑡)                          (15) 

ℎ𝑠,𝑢,𝑛
𝑅𝐺 (𝑡, 𝜏) = √

1

𝐾 + 1
. 𝐿𝑆(𝐷𝑛).

1

√𝑀
∑

√𝐺𝐵𝑆 (𝜃𝐴𝑂𝐷𝑅𝐺,𝑛,𝑚
𝛼 , 𝜃𝐴𝑂𝐷𝑅𝐺,𝑛,𝑚

𝛽
)

√𝐺𝑀𝑆(𝜃𝐴𝑂𝐴_𝑅𝐵,𝑛,𝑚
𝛼 , 𝜃𝐴𝑂𝐴_𝑅𝐺,𝑛,𝑚

𝛽
)

𝑀

𝑚=1

 

𝜉𝑛,𝑚∅𝑛,𝑚 exp(𝑗𝑘𝑑𝐵𝑆
1 sin(𝜃𝐴𝑂𝐷_𝑅𝐺,𝑛,𝑚

𝛼 )) exp(𝑗𝑘𝑑𝐵𝑆
2 sin(𝜃𝐴𝑂𝐷_𝑅𝐺,𝑛,𝑚

𝛽
)) 

exp(𝑗𝑘𝑑𝑀𝑆
1 sin(𝜃𝐴𝑂𝐴_𝑅𝐺,𝑛,𝑚

𝛼 )) exp(𝑗𝑘𝑑𝑀𝑆
2 sin(𝜃𝐴𝑂𝐴_𝑅𝐺,𝑛,𝑚

𝛽
)) 

exp (𝑗𝐾[𝑣𝐵𝑆 cos(𝜃𝐴𝑂𝐷_𝑅𝐺,𝑛,𝑚
𝛼 − 𝛾𝐵𝑆

𝛼 ) cos(𝜃𝐴𝑂𝐷_𝑅𝐺,𝑛,𝑚
𝛽

− 𝛾𝐵𝑆
𝛽

) + 

𝑣𝑀𝑆 cos(𝜃𝐴𝑂𝐴_𝑅𝐺,𝑛,𝑚
𝛼 − 𝛾𝑀𝑆

𝛼 ) cos(𝜃𝐴𝑂𝐴_𝑅𝐺,𝑛,𝑚
𝛽

− 𝛾𝑀𝑆
𝛽

)]𝑡)                     (16) 
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Table1 Channel simulation parameters. 

 

Parameter  Name Value  Unit  

f Signal bandwidth 2.5 GHz 

𝑓𝑛  Carrier frequency 20  kHz 

ℎ𝐵𝑆 Base station height 50  m 

ℎ𝑀𝑆 Mobile station height 5  m 

𝑅 Distance between BS and MS 4.5  Km 

M  Number of subpaths 20   

𝑵𝑻𝑿  Number of antennas at the TX 2  

𝑁𝑅𝑋  Number of antennas at the RX 2   

t temperature 16  C 

N  Number of paths 7   

𝐺𝐵𝑆  Gain of BS antennas 1  

𝐺𝑀𝑆  Gain of MS antennas 1  

𝑉𝐵𝑆  Velocity of BS 0  km/s 

𝑉𝑀𝑆 Velocity of MS 30  Km/s 

LOS  Line of sight yes   

c speed of sound 3 × 108  m/s 

𝑑𝐵𝑆   Distance between the elements of the BS antennas 0 m 

𝑑𝑀𝑆 Distance between the elements of the MS antennas 0 m 

𝜎𝐴𝑜𝐷  The spread of subpaths in AoD 5° degree 

𝜎𝐴𝑜𝐴 The spread of subpaths in AoA 35° degree 

 

 

The main probabilistic feature of the system includes the probability of a bit error, which is the number of 

bit errors divided by the total number of bits received in a transmission for a given SNR. 

 

 
In the simulation, it is assumed that the channel, both pilot and information, is stationary for the 

duration of one frame of the OFDM symbol (for the next frame, the calculations are repeated).  The 

parameters of the channel would be similar to those used in channel modeling (Table 1).  

The parameters of the OFDM signal will correspond to the values presented in Table 2, in which 

the number of subcarriers equal to 1,024 is selected with a signal bandwidth of 2.5 GHz. The resulting 

duration of the entire frame of OFDM symbols will be 0.41 µs, and the cyclic prefix duration will be 

chosen equal to 1/4 of the signal duration, which will allow avoiding inter symbol interference, according 

to the obtained maximum signal delay in channel modeling.  

 
 

Table 2 Selected OFDM signal parameters. 

Parameter  Name Value  Unit  

N Total number of subcarriers 1,024  

𝑡g  Guard interval duration ¼ µs 

𝑓𝑐 Carrier frequency 100 kHz 

BW Signal bandwidth 2.5 GHz 

𝑡s  OFDM symbol duration 0.41 µs 

n Number of pilot signals 150  

 

 

The number of elements for the adaptation block is 4, the number of elements of the AR should be 

greater than the number of paths. The distance between the elements of the transmitter is 0.5ʎ, it is 

chosen as small as possible in order to ensure a high spatial correlation of the signals necessary for 

adaptation. 

At first, we will simulate all nodes of the SISO-OFDM system. In the modeling process, we will 

consider how the equivalent directional characteristic changes after weight processing in the adaptation 

𝐵𝐸𝑅 =
𝑁𝑒𝑟𝑟𝑜𝑟 𝑏𝑖𝑡𝑠

𝑁𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑡𝑠
                                                                     (17) 
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block of Figure 4 It should be noted that as a result we get the expected result: The maximum directional 

characteristics directed to the path with maximum power, taking into account the selected simulation 

parameters, this path is a straight line that has the least attenuation and minimum propagation delay 

between the transmitter and receiver. According to the simulation results, the direct path has a true value 

of the angle of arrival equal to 26.5° relative to the perpendicular to the opening of the AR. Moreover, in 

the direction of arrival of the remaining paths, zeros of the directional characteristic are formed. As a 

result, the system chose it as the optimal from the point of view of the criterion of maximum average 

signal power. Consider how adaptive processing influenced the demodulation of information subcarriers 

of an OFDM signal. To do this, we construct the signal constellation of the demodulated signal in the 

receiver with and without an adaptation block as shown in Figure 5.  

 

 
Figure 4 Adapted MD after weighing at SNR = 10 dB. 
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As shown in this figure, the spread of signal values at the signal constellation is larger in the 

receiver without the use of an adaptive algorithm. This leads to an increase in the probability of bit error, 

while for a receiver with adaptive processing, the probability of error approaches 0. To estimate how the 

bit error probability changes, it is necessary to plot its relationship to the signal-to-noise ratio as shown in 

Figures 6 to 9. As shown in these figures, it can be observed that the signal spread changes according to 

the changes of the type of modulation, in other words, the signal spread changes according to the changes 

of order form of modulation and as a results, the bits of information per symbol are changed also. For 

example, in BPSK modulation, the spread of signal was large due to lower order form of modulation and 

therefore the error rate becomes very low. For 16-QAM, the error rate will be higher than BER for BPSK 

due to the higher form of modulation and as a result of this, the spread of signal was small. 

Figure 5 Signals constellation after demodulation at 10 dB SNR for different type of modulations:           

(a) BPSK, (b) QPSK, (c) 8-PAM, and (d) 16-QAM. 

(a) 

(c) 

(b) 

(d) 
With adaptation 

With adaptation With adaptation 

With adaptation 

Without adaptation 

Without adaptation 

Without adaptation 

Without adaptation 
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Figure 7 Bit error probability for adaptive AR algorithm for QPSK modulation. 

 

Figure 6 Bit error probability for adaptive AR algorithm for BPSK modulation. 
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The figures above show that the use of adaptation algorithm reduces the probability of a bit error 

in the transmitted message. Moreover, the probability of error already at 0 dB differs by more than 2 

orders of magnitude. As a result, we can conclude that the use of adaptive algorithms has a positive effect 

on noise immunity when processing signals in a receiving device under conditions of multi-path signal 

propagation. 

It can be seen also from the figures that the BER changes according to the changes of order form 

of modulation. 

Figure 8 Bit error probability for adaptive AR algorithm for 8-PSK modulation. 

Figure 9 Bit error probability for adaptive AR algorithm for 16-QAM modulation. 
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At the MIMO-OFDM system, the experimental conditions will be similar to the previous ones: 

Channel parameters - Table 1, OFDM signal parameters - Table 2, the parameters of the antenna system. 

The parameters are set for MIMO 2×2, the number of elements for each adaptation block is 4, the number 

of elements of the AR should be greater than the number of paths. The distance between the elements of 

the AR transmitter. The distance between the elements of the transmitter, it is necessary to choose as little 

as possible in order to ensure high spatial correlation of the signals necessary for adaptation. 

In this experiment, we obtain 2 spatial streams that are recorded by 2 receiving antennas, which are 

blocks of AR elements, and, therefore, each such block forms its own independent directional 

characteristic. The radiation patterns at a signal-to-noise ratio of 7 dB for 2 receiving units are shown in 

Figure 10. 

 

 

 

Figure 10 Adapted radiation pattern for MIMO-OFDM system. 

 

 

It can be seen from the above figure that, similarly to the SISO system, the adaptive algorithm 

generated a directional characteristic for each antenna in the direction of the direct path that has the 

highest power. It should be noted that, in the general case, the type of radiation pattern for the 2 antennas 

is different, however both have a characteristic maximum in the direction of the direct path. As for the 

SISO system, the result of adaptive processing can be seen if we consider the signal constellation in the 

receiver after demodulation of the OFDM signal as shown in Figure 11. 

Unlike the SISO system in MIMO, each antenna array unit forms a directional characteristic in the 

direction of signal arrival along the path with maximum power. Therefore, in the general case, the type of 

directional characteristic for the antenna units may differ, as shown in Figure 10. As a result, similarly to 

the SISO system in the MIMO receiver with adaptive processing, the probability of bit error decreases 

and this can be clearly noted if we consider how this probability depends on the signal-to-noise ratio as 

shown in Figures 12 to 15. 
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Figure 11 Signals constellation of demodulated signal at MIMO-OFDM receiver for different types of 

modulation, (a) BPSK, (b) QPSK, (c) 8-PAM, and (d) 16-QAM. 

 

 
Figure 12 Bit error probability for MIMO-OFDM system with and without adaptation for BPSK 

modulation. 

 

With adaptation With adaptation 

With adaptation With adaptation 

Without 
adaptation 

Without 
adaptation 

Without 
adaptation 

Without 
adaptation 

(a) (b) 

(c) 
(d) 
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Figure 13 Bit error probability for MIMO-OFDM system with and without adaptation for QPSK 

modulation. 

 
 

 
Figure 14 Bit error probability for MIMO-OFDM system with and without adaptation for 8-PSK 

modulation. 

 

 
Figure 15 Bit error probability for MIMO-OFDM system with and without adaptation for 16-QAM 

modulation. 
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Figures 12 to 15 above also show that the probability of BER in the transmitted message is reduced 

when using adaptation algorithm. As a result, it can be concluded that a positive effect on noise immunity 

in processing signal at the receiving device when using adaptive algorithm under conditions of multi-path 

signal propagation. It can be seen also that in MIMO technique when the order form of modulation is 

changed, the BER changed also. 

Figures 6 to 9 for SISO-OFDM results and Figures 12 to 15 for MIMO-OFDM results show that 

the adaptive spatial filtering algorithm allows you to effectively deal with multi-path propagation of 

signals in a WiMAX channel, both in the presence of a direct path and also in its absence. In addition, 

adaptation has a positive effect on channel capacity. 
 
Conclusions 

A general algorithm for modeling a 3D WiMAX wireless channel communication system was 

developed. An algorithm for the adaptive signal processing unit for the amplitude and phase system has 

also been developed. To compare the efficiency of using adaptive algorithms, the bitstream transmission 

through all nodes of the 3D WiMAX communication system was simulated taking into account the 

influence of channel characteristics with and without an adaptation block. As a result, bit error probability 

characteristics were obtained for SISO and MIMO systems with various adaptation block configurations. 

For MIMO systems, the dependence of throughput on the number of spatial streams on the signal-to-noise 

ratio was also constructed using adaptive algorithms and without. The effectiveness of the adaptation 

algorithms was clearly shown on the signal constellations and antenna patterns after the adaptation unit.  

From the results it can be concluded that the use of the adaptation algorithm reduces the probability 

of error in the transmitted message. Also, it can be concluded that the use of adaptive algorithms has a 

positive effect on noise immunity when processing signals in a receiving device under conditions of 

multi-path signal propagation. 
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