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ABSTRACT 

 
 

5th generation cellular network is the upcoming revolution in the cellular communication 

world. It tends to operate in millimeter wave frequency to increase the usage for the next 

decade.  While the researcher focuses on optimising spectral efficiency and increases 

bandwidth for incredible demand, only the mmWave spectrum have capability that can 

accommodate the ever-expanding consumption for the wireless network. The 28 GHz 

frequency band is a serious candidate for mmWave communication with more than 3 GHz 

of available bandwidth. The line of Sight (LOS) is a direct line between the radio 

transmitter and receiver and many types of radio transmissions depend on it. Unfortunately, 

for arbitrary transmission networks, obstacles are commonly caused by non-line-of-sight 

(NLOS) conditions. This thesis presents a proper number of selection antenna element in 

28 GHz frequency in NLOS and LOS environment and their characteristics by analysis of 

different channel parameter in Urban microcell scenario for Dhaka city. This thesis also 

discusses the radio propagation mechanisms that impact the performance of the network in 

the form of time delays, received power, azimuth AoD, Elevation AoD, Azimuth AoA, 

Elevation AoA, path-lost and RMS delay in LOS and NLOS environments. 
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CHAPTER 1 

Introduction 

1.1 Introduction 

The rapidly increasing demands from consumers for high data rates, ubiquitous 

connectivity, high-quality video streaming, and low-latency control or communication are 

driving the development of fifth-generation (5G) wireless communications [1, 2]. 

Compared to 4G/International Mobile Telecommunications-Advanced (IMT-Advanced) 

standards, 5G is envisioned to support a higher density of mobile broadband users, better 

implementation of Internet of Things (IoT), virtual reality, augmented reality, and many 

other use cases. There is currently no standard for 5G deployments, but the millimeter-

wave (mmWave) spectrum (from around 30 gigahertz (GHz) to 300 GHz) is expected to 

be a key ingredient due to its massive amount of raw available bandwidths [2]. In July 

2016, the Federal Communications Commission (FCC) in the United States approved 

nearly 11 GHz of spectrum above 24 GHz for 5G, including the 28 GHz, 37 GHz, 39 GHz, 

and 64 - 71 GHz bands [3], which was more than four times larger than the total amount 

of licensed spectrum currently available for mobile services. 

1.2 Technologies Required to Realize 5G 

The demand for cellular data traffic continues to outstrip forecasts and is currently growing 

at a rate of 40-70% per annum [4, 5]. This growth rate implies that relative to current levels, 

a 1000 times capacity increase within the next decade may be required to be met by the 

new radio capabilities of the fifth-generation (5G) wireless communications [1, 2, 6, 7, 8, 

9, 10, 11, 12]. The capacity gains required by 5G are expected to be provided by: 

 Massive multiple-input multiple-output (MIMO) antenna arrays at base stations 

(BSs) and smaller arrays at the mobile user equipment (UE) [13, 14, 15, 16, 17, 18, 

19] 
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 Increased spectrum bandwidth and use of wideband (> 100 MHz) channels [20, 21] 

 Multi-user and three-dimensional (3D) MIMO [22, 23, 24, 25, 26] 

1.3 Importance of Selection Proper Channel Parameter in 5G Systems 

The radio channel is fundamental to wireless communications [27]. Almost every aspect 

of wireless communications, ranging from real-world performance prediction, equipment 

design and system design, antenna architectures, and system performance, to capacity and 

coverage evaluation, depends upon an accurate understanding of the performance of radio 

signals when they propagate via a radio channel. The modeling of a radio channel is 

therefore vital to wireless communications research [28, 29, 30]. 

1.4 NYUSIM 5G Channel Simulator 

1.4.1 Overview 

NYU WIRELESS conducted mmWave measurements from 2012 through 2017, having 

acquired a total of over 1 Terabytes of data, at frequencies from 28 to 73 GHz in various 

outdoor environments in UMi, UMa, and RMa environments. The measurements and 

analysis done in [2, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41] led to this NYUSIM 

channel simulator. 

NYUSIM performs drop-based Monte Carlo simulation to generate a CIR at each drop 

(i.e., user location) assuming no user mobility. Channels for different user locations are 

assumed to be independent, justified by small correlation distances (up to about 10 

centimeters) found in measurements [42]. NYUSIM provides an accurate rendering of 

actual CIRs in both time and space, as well as realistic signal levels that were measured, 

and may be utilized to support realistic physical layer and link layer simulations such as 

those conducted in [30, 43, 44, 45]. The models and simulation approach in NYUSIM 

involves the research of more than a dozen graduate and undergraduate students, and as of 



Page | 3  
 

late 2017, over 10,000 downloads of NYUSIM have been recorded. NYUSIM is applicable 

for a wide range of carrier frequencies from 500 MHz to 100 GHz, and RF bandwidths 

from 0 (continuous wave (CW)) to 800 MHz. 

It is worth noting that in the 3GPP TR 38.901 Release 14 channel model for frequencies 

above 6 GHz [46], the number of clusters is unrealistically large. For example, in the UMi 

street canyon scenario, the number of clusters in the LOS environment is as high as 12, and 

19 in the NLOS environment, which is not supported by the real-world measurements at 

mmWave bands [2, 34, 35, 38]. In contrast, in the SSCM implemented in NYUSIM [82], 

the number of time clusters ranges from 1 to 6, and the mean number of spatial lobes is 

about 2 and is upper bounded by 5, which are obtained from field observations and are 

much smaller than those in the 3GPP channel model [30, 33, 46, 41]. The impractical 

number of clusters in the 3GPP channel model is likely to result in a higher rank of 

mmWave channels, unrealistic eigen-channel distributions, and thereby inaccurate spectral 

efficiency prediction for 5G mmWave channels [30, 41]. 

1.4.2 Channel Model Implemented in NYUSIM 

The broadband SSCM [34] developed by NYU WIRELESS is used in NYUSIM with some 

important extensions such as including MIMO antenna arrays, adding atmospheric 

attenuation into path loss, adding more propagation scenarios, generating directional PDPs 

using accurate directional antenna patterns, etc., to extend the SSCM to the NYUSIM 

channel model and a standalone channel simulation software [33]. The SSCM is introduced 

in [34]. 
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1.4.3 MIMO Antenna Arrays at Both TX and RX 

In NYUSIM, antenna arrays, such as uniform linear arrays (ULAs) and uniform rectangular 

arrays (URAs), are allowed to be equipped at both the BS and UE. The entries in the MIMO 

channel matrix H are obtained by extending the omnidirectional CIR over the antenna array 

manifold at the TX and/or RX.  

1.4.4 Range Extension 

Extensive mmWave propagation measurements conducted by NYU WIRELESS have 

shown that in dense urban environments, mmWave signals can cover around 200 m cell 

radius even under NLOS conditions [2, 35, 47], and is likely to reach 500 m in lightly 

populated urban and suburban areas. Furthermore, recent RMa propagation measurements 

at 73 GHz demonstrated over 10 km coverage range in clear weather [36]. To make 

NYUSIM cater for more users and wider applications, the maximum allowable T-R 

separation distance is extended from 500 m to 1 km in NYUSIM v1.6, by removing all the 

lower bounds on received power (including cluster power, sub path power, and lobe 

power), or equivalently, upper bounds on path loss, assuming there exits such a virtual 

receiver that can detect very low received power. 

For LOS environments, calculated path loss beyond 500 m is still accurate using the 

NYUSIM path loss models since they are applicable to over 10 km distances. For NLOS 

environments, however, the NLOS path loss models employed in NYUSIM may not be 

accurate for distances larger than 500 m since they were developed for ranges within 500 

m [48], thus caution should be given when setting the distance beyond 500 m for UMi or 

UMa NLOS scenarios. The dynamic range for multipath components in the extended range 

is extended to 220 dB from the default value of 190 dB used for distances no larger than 

500 m. 
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Fig. 1.4.4.1. Graphical User Interface of NYUSIM 

1.4.5 Input Parameters 

There are 30 input parameters to the channel simulator, which are grouped into two main 

categories: Channel Parameters and Antenna Properties, as shown on the GUI in Fig. 

1.4.4.1 The panel Channel Parameters contains 18 fundamental input parameters about the 

propagation channel, as listed and explained below: 

1. Distance Range Option: A selectable parameter denoting the distance range. Two 

options, “Standard (10-500 m)”, and “Extended (10-10,000 m)”, are applicable. The 

default setting is “Standard (10-500 m)”.  

2. Frequency (GHz): An editable parameter denoting the carrier frequency in GHz. The 

default value is 28 (GHz), and it can be varied from 0.5 to 100 (GHz) with at most one 

decimal point. 
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3. RF Bandwidth (MHz): An editable parameter denoting the RF bandwidth of the 

transmitted signal in MHz. The default value is 800 MHz, and it can be varied from 0 to 

800 MHz. As the simulator was developed from real-world measurements obtained with 

an RF bandwidth of 800 MHz, it can only scale down from 800 MHz. 

4. Scenario: A selectable parameter denoting the scenario. Three options, “UMi”, “UMa”, 

and “RMa”, are applicable.  

5. Environment: A selectable parameter denoting the environment, either LOS or NLOS. 

The default setting is LOS. 

6. Lower Bound of T-R Separation Distance (m): An editable parameter denoting the 

smallest distance between the TX and RX in meters with at most one decimal place.  

7. Upper Bound of T-R Separation Distance (m): An editable parameter denoting the 

largest distance between the TX and RX in meters with at most one decimal place.  

8. TX Power (dBm): An editable parameter denoting the transmit power in dBm. The 

default value is 30 (dBm), and can be set to any value ranging from 0 to 50 (dBm). 

9. Base Station Height (m): An editable parameter denoting the base station height in m. 

The default value is 35 (m) [46], and can be set to any value ranging from 10 to 150 (m) 

[36]. This base station height is only applicable to RMa modeling and is ignored for other 

scenarios. 

10. Barometric Pressure: An editable parameter denoting the barometric pressure in mbar 

used in evaluating propagation path loss induced by dry air. The default and typical value 

is 1013.25 mbar (millibar) (i.e., nominal for sea level), and may range from 10−5 to 

1013.25 (mbar) [49]. 
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11. Humidity: An editable parameter denoting the relative humidity in percentage used in 

evaluating propagation path loss induced by vapor. The default value is 50 (%), and can be 

set to any number between 0 and 100 (%). 

12. Temperature: An editable parameter denoting the temperature in degrees Celsius used 

in evaluating propagation path loss induced by haze/fog. The default and typical value is 

20 (°C), and may range from -100 to 50 (°C) [49]. 

13. Rain Rate: An editable parameter denoting the rain rate in mm/hr. used in evaluating 

propagation path loss induced by rain. The default value is 0 (mm/hr.), and the typical 

range is 0 to 150 (mm/hr.)  

14. Polarization: A selectable parameter denoting the polarization relation between the 

TX and RX antennas or antenna arrays. The default setting is Co-Pol (co-polarization), and 

can be changed to X-Pol (cross-polarization). The cross-polarization discrimination (XPD) 

can vary from 5 dB to 27 dB [50, 51, 52], depending on the frequency and environment. In 

this simulator, for Co-Pol, no extra loss will be added to the path loss, while an extra 25 

dB loss will be added to the path loss for X-Pol due to polarization mismatch based on the 

measurement results in [52]. For more detailed background, please refer to [52]. 

15. Foliage Loss: A selectable parameter indicating whether or not foliage loss will be 

considered in the simulation. The default setting is No (which implies foliage loss will not 

be considered), and can be changed to Yes (which means foliage loss will be considered). 

16. Distance Within Foliage: An editable parameter representing the distance in meters 

that the transmitted signal travels within foliage. The default value is 0, and can be set to 

any non-negative number no larger than the lower bound of the T-R separation distance. 

17. Foliage Attenuation: An editable parameter denoting the propagation loss induced by 

foliage in dB/m. The default value is 0.4 (dB/m) based on the measurement results in [53], 
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and can be set to any value between 0 and 10 (dB/m). For more detailed background, please 

refer to [52]. 

18. Number of RX Locations: An editable parameter denoting the number of RX 

locations. It can be any positive integer number. The default value is 1, and can be set to 

any integer from 1 to 10,000. 

 The panel Antenna Properties contains 12 input parameters related to the TX and 

RX antenna arrays, as listed and explained below: 

1. TX Array Type: A selectable parameter denoting the TX antenna array type. The 

default setting is ULA, and can be changed to URA. 

2. RX Array Type: A selectable parameter denoting the RX antenna array type. The 

default setting is ULA, and can be changed to URA. 

3. Number of TX Antenna Elements Nt: An editable parameter denoting the total number 

of TX antenna elements in the array. The default value is 1, and can be set to any integer 

from 1 to 128. 

4. Number of RX Antenna Elements Nr: An editable parameter denoting the total 

number of RX antenna elements in the array. The default value is 1, and can be set to any 

integer from 1 to 64. 

5. TX Antenna Spacing (in wavelength): An editable parameter denoting the spacing 

between adjacent TX antennas in the array in terms of the carrier wavelength. The default 

value is 0.5, and can be set to any positive number with up to one decimal place from 0.1 

to 100. Note that larger antenna spacing leads to lower spatial correlation hence higher 

achievable rate [45]. Also, no antenna mutual coupling considered for simplicity, likely to 
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result in more optimistic achievable rate for closely-spaced (e.g., less than 0.5 wavelength 

spacing) antennas [14]. 

6. RX Antenna Spacing (in wavelength): An editable parameter denoting the spacing 

between adjacent RX antennas in the array in terms of the carrier wavelength. The default 

value is 0.5, and can be set to any positive number with up to one decimal place from 0.1 

to 100. 

7. Number of TX Antenna Elements Per Row Wt: An editable parameter denoting the 

number of TX antennas in one dimension when the TX Array Type is ULA or URA, which 

should divide the number of TX antenna elements. The default value is 1. 

8. Number of RX Antenna Elements Per Row Wr: An editable parameter denoting the 

number of RX antennas in one dimension when the RX Array Type is ULA or URA, which 

should divide the number of RX antenna elements. The default value is 1. 

9. TX Antenna Azimuth HPBW (degrees): An editable parameter denoting the azimuth 

HPBW of the TX antenna (array) in degrees. The default value is 10°, and can be set to 

any value from 7° to 360° (since the smallest azimuth HPBW of the antennas used in the 

measurements for the simulator was 7°). 

10. TX Antenna Elevation HPBW (degrees): An editable parameter denoting the 

elevation HPBW of the TX antenna (array) in degrees. The default value is 10°, and can 

be set to any value from 7° to 45° (since the smallest elevation HPBW of the antennas used 

in the measurements for the simulator was 7°). 

11. RX Antenna Azimuth HPBW (degrees): An editable parameter denoting the azimuth 

HPBW of the RX antenna (array) in degrees. The default value is 10°, and can be set to 

any value from 7° to 360°. 
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12. RX Antenna Elevation HPBW (degrees): An editable parameter denoting the 

elevation HPBW of the RX antenna (array) in degrees. The default value is 10°, and can 

be set to any value from 7° to 45°. 

 The antenna pattern employed in [34] has the following form: 

𝐺(𝜙, 𝜃) =max(𝐺0𝑒
−𝛼𝜙2−𝛽𝜃2 ,

𝐺0

100
),Where𝛼 =

4ln⁡(2)

∅3𝑑𝐵
2 , 𝛽 =

4ln⁡(2)

𝜃3𝑑𝐵
2 , 𝐺0 =

41253𝜂

𝜙3𝑑𝐵𝜃3𝑑𝐵
    (1.4.5.1) 

where  (𝜙, 𝜃) denote the azimuth and elevation angle offsets from the boresight direction 

in degrees, 𝐺0 is the maximum directive gain (boresight gain) in linear units, (𝜙3𝑑𝐵, 𝜃3𝑑𝐵) 

represent the azimuth and elevation HPBWs in degrees, (𝛼, 𝛽) are parameters that depend 

on the HPBW values, and η = 0.7 is a typical average antenna efficiency. 

The radiation pattern of a sectored cell site antenna was employed in [54], where the 

azimuthal radiation pattern is modeled as a cardioid given by [54] 

                                         𝑟(𝜃) = 𝛼[1 + sin⁡(𝜃 +
𝜋

2
)]⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡ (1.4.5.2) 

where r is the gain of the antenna at azimuth angle 𝜃 from its maximum lobe and is a scaling 

factor. The elevation radiation pattern is an ellipse with the base station at a focus point 

[108]: 

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡
𝑥2

𝑎2
+

𝑦2

𝑏2
= 1                                     (1.4.5.3) 

A sectored antenna pattern model was introduced in [55], where constant directivity gains 

are assumed for the main lobe and the side. 
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1.4.6 Output Data Files 

For each simulation run, five sets of .txt files and five corresponding mat files are 

generated, namely,  

“AODLobePowerSpectrumnLobex.txt”,  

“AODLobePowerSpectrumn.mat”,  

“AOALobePowerSpectrumnLobex.txt”,  

“AOALobePowerSpectrumn.mat”,  

“OmniPDPn.txt”,  

“OmniPDPn.mat”,  

“DirectionalPDPn.txt”,  

“DirectionalPDPn.mat”,  

“SmallScalePDPn.txt”,  

and “SmallScalePDPn.mat”, where n denotes the nth RX location (i.e., nth simulation run), 

and x represents the xth spatial lobe. After N continuous simulation runs with the same 

input parameters are complete, another three .txt files and three corresponding. mat files 

are produced, i.e.,” BasicParameters.txt”,” Basic- Parameters.mat”,” OmniPDPInfo.txt”, 

”OmniPDPInfo.mat”, ”DirPDPInfo.txt”, and ”DirPDPInfo.mat”. Each text file 

“AODLobePowerSpectrumnLobex” is associated with the output figure of 3D AoD power 
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spectrum, and contains five parameters (columns) of each resolvable multipath component 

in an AoD spatial lobe. Figure 1.4.2 and 1.4.3 shows sample 3-D AoA and AoD power 

spectrum respectively and figure 1.4.4 and 1.4.5 shows the sample omnidirectional and 

directional power delay profile respectively. 

 

Fig. 1.4.6..1. Sample AOA Power Spectrum generated from NYUSIM. Top view of azimuth 

plane. 

 

 

Fig. 1.4.6..2. Sample AOD Power Spectrum generated from NYUSIM. Top view of azimuth plane. 
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Fig. 1.4.6..3. Sample Omnidirectional PDP generated from NYUSIM. 

 

Fig. 1.4.6..4. Sample Directional PDP generated from NYUSIM. 

 

1.5 MmWave and Microwave Model Differences 

Due to the increase in frequency, radio waves with high frequency have different 

propagation characteristics compared to microwave [56]. For example, mmWaves can’t 

efficiently penetrate and diffract around obstacles, e.g., cars, buildings and people. This 

results in less diffracting MPCs and high path loss. The following subsections focus on 
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several channel properties in mmWave bands and discuss new requirements for channel 

models. 

1.5.1 Frequency Dependence 

MmWave channels have high free space path loss in the first meter of propagation due to 

its frequency dependence [48]. Furthermore, frequency dependence on other channel 

parameters, e.g., delay spread and angular spread, also need further investigation. In 3GPP 

TR 38.901 Release 14 [46], both delay spread and angular spread are modeled as a function 

of frequency for the channels (except for the rural macro (RMa) scenarios) above 6 GHz. 

1.5.2 Attenuation and Blockage 

During propagation, mmWaves may be partially or totally absorbed by an absorbing 

medium, which results in additional loss. Thus, rain attenuation and atmospheric 

attenuation [57, 58, 59, 60] should be considered in mmWave systems, although this is not 

a concerned problem in microwave systems. Additionally, mmWave systems are much 

more sensitive to blockage by obstacles. For example, the path loss increases with the 

propagation distance. In [61], it was found that outdoor tinted glass had a penetration loss 

of 40.1 dB at 28 GHz, and three interior walls of an office building had a penetration loss 

of 45.1 dB, with a distance of 11.39 m between the TX and RX. If stationary or moving 

objects stand between the TX and RX, channel characteristics will be dramatically changed 

when the signal is blocked, especially for mmWave channels [62]. The shadowing caused 

by these objects is important for the link budget and the time variance of the channel. 

Furthermore, such dynamic blocking is perhaps important to capture in evaluations of 

technologies, e.g., beam-finding and beam-tracking capabilities. 
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1.5.3 Channel Sparsity 

It is usually claimed that mmWave channels are sparse in the angle and delay domains [2, 

63]. For example, in [34], only up to five spatial lobes are found in dense-urban NLOS 

environments, and the delay/angle spreading within each cluster is relatively small. 

However, more experimental verifications of this are needed. Nonetheless, a lower bound 

on the channel sparsity can still be established based on existing measurements, and in 

many environments the percentage of delay/angle bins with significant energy is rather low 

while it is higher at centimeter-wave frequencies. 

1.5.4 Large Bandwidth and Large Antenna Array 

To meet the demand of future mobile data growth [64], bandwidths on the order of 1 GHz 

are needed. In mmWave bands, there are large bandwidths available. On the other hand, 

smaller wavelengths make large antenna arrays feasible [65]. Thus, the channel model 

should consider high resolution in both delay and angular domains. In order to model this 

effect, the offset angles and relative delay within a cluster should be modeled as variable 

rather than constant. Various types of antenna arrays, such as the uniform linear array 

(ULA), uniform rectangle array (URA), and uniform cylinder array (UCA), are being 

considered. In [66], lens antenna arrays were proposed to enable mmWave MIMO 

communications. Besides, compared to uniform planar arrays (UPAs), lens antenna arrays 

can significantly reduce the signal processing complexity and RF chain cost without 

performance degradation. 

1.5.5 Spatial Consistency 

Spatial consistency is identified as an important feature for 5G channel models [67]. The 

spatial consistency of a channel means that the channel evolves smoothly without 

discontinuities when the TX and/or RX moves or turns. It also means that channel 

characteristics in closely located users are highly correlated. Spatial consistency covers 
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various aspects, e.g., large-scale parameters and small-scale parameters of delays, AoAs 

and AoDs, outdoor/indoor state, and LOS/NLOS state. In [46], a spatial consistency 

procedure is used for both cluster-specific and ray-specific random variables to be spatially 

consistent. For example, cluster delays 𝜏𝑛 = 𝜏𝑚𝑎𝑥𝑋𝑛, where 𝜏𝑚𝑎𝑥 is the maximum delay 

(2.10𝜇𝑙𝑔𝐷𝑆+𝜎𝑙𝑔𝐷𝑆), Xn is a spatially uniform random variable within (0,1), μlgDS and 

⁡𝜎𝑙𝑔𝐷𝑆 are the mean value and standard deviation of RMS DS  respectively. 

1.5.6 Stationarity Regions 

The study of channel stationarity plays an important role in channel modeling and 

estimation, since stationarity has to be assumed in order to obtain accurate estimates and 

reproduce channel parameters. Measurements at 2 GHz to 30 GHz have indicated that the 

spatial stationarity regions of mmWave bands (less than 0.09 m or so) are much smaller 

than those at microwave frequencies (around 0.6 m) for an allowance of similarity level of 

0.6 [68]. Furthermore, recent field measurements have shown very sharp spatial 

decorrelation over small distance movements of just a few tens of wavelengths at mmWave 

frequencies [42], yet it is noteworthy that the orientation of directional antennas with 

respect to the surrounding environment can impact the stationarity and correlation 

distances, as demonstrated in [42]. Additionally, the average received power of wideband 

73 GHz signals can change by 25 dB as the mobile RX transitioned around a building 

corner from NLOS to LOS in a UMi scenario [42]. Therefore, stationarity regions need to 

be carefully characterized in 5G channel modeling that incorporates mmWave bands. 

1.5.7 Random Cluster Numbers 

In the existing channel model for microwave bands, the number of clusters is a constant 

[69]. For the mmWave bands, this assumption may not be reasonable. According to recent 

literature, cluster/time-cluster numbers are small and random, and are well-modeled by a 

Poisson distribution [63, 34]. In [90], the mean cluster number is 12 while it is less than 4 

in [63] (Note that the definition of cluster is different in these two references). By making 
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the cluster numbers random, some channel properties, e.g., capacity, will change 

correspondingly. 

1.6 Objectives 

 To evaluate proper channel parameter for 5G in NLOS and LOS environment at 28 

GHz for Urban Micro Cell scenario for Dhaka city 

 Analysis of different type of MIMO antenna based on different types of channel 

and antenna properties for Dhaka city. 

That’s will be helpful to designing proper channel for 5G wireless communication.  

1.7 Motivation 

The motivation of this project are as follows: 

 5th Generation Cellular network is the upcoming technology 

 It the revolutionary technology in the cellular network 

 It creates a lots of technological opportunity 

 It planned to deploy with 2020 

1.8 Thesis Outline 

In this thesis, we described and discussed about our project in chapter 5. The outlines of 

our thesis are as follows: 

 CHAPTER 1: In this chapter the introduction is given and the basic of this thesis 

has been discussed. 
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 CHAPTER 2: It contains literature review. All previous work related of this thesis 

and previous work on mmWave and basics of NYUSIM has been discussed in this 

chapter. 

 CHAPTER 3: It contains the methodology of research work using  

 CHAPTER 4: It contains analysis of MIMO for LOS and NLOS Environment for 

Dhaka city using Urban Microcell and finally inherited the result and discussion. 

 CHAPTER 5: It contains conclusion where conclusion and future work has been 

discussed and references.   

1.9 Summary 

In this chapter, we are discussing about the upcoming 5G cellular network and the 

requirements of this upcoming technology. Then implicit about the basic overview of 

NYUSIM 5G channel simulator that are used to do this research for evaluating performance 

of MIMO for Dhaka city. Then we clarify about our objective and motivation to do this 

research and finally short outline of our subsequent chapter. 
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CHAPTER 2 

Literature review 

In this chapter, we are explaining about the previous of researcher that are related to this 

thesis, which is “Performance evaluation of MIMO in Urban Microcell for Dhaka City 

at 28 GHz mmWave frequency”. The study of literature review helps to lead to 

identification the features and weakness of the existing research work. 

1) Research paper on “mmWave frequency” 

The development and growth of wireless technologies in the past decade has led to the 

rapid adoption of smartphones and tablets, and emerging wearable devices for health and 

fitness. Consumers are expecting every device they have to be connected to the network to 

record, transfer, view, or monitor data. With these new technologies comes the demand for 

more data, video, and content access. While the growth in wireless devices and 

technologies has sky-rocketed, the spectrum available for these devices has not kept pace. 

Carriers and other fixed or mobile service providers are reaching the upper bounds of 

channel capacity, and the reality of a spectrum shortfall is now becoming increasingly 

clear. The wireless spectrum below 6 GHz will not be enough to meet future needs, as the 

current global allocation of cellular and unlicensed wireless local area network (WLAN) 

spectrum is quite small when compared to the vast spectrum available between 6 and 300 

GHz [70,71,72,73]. In the past 40 years since the advent of the modern mobile 

communications industry, clock speeds and memory sizes of communications and 

computer devices have increased by 4 to 6 orders of magnitude (or more), while the carrier 

frequencies of all WLAN and cellular networks have increased by less than an order of 

magnitude, from 450 MHz first generation cellphones, to today’s 2 GHz 4G/LTE systems 

[72],[73]. 

Wireless systems are increasingly supporting larger and more diverse applications from 

sensor networks for environmental monitoring, to “smart grid” electrical infrastructures, to 



Page | 20  
 

advances in medicine and transportation. To meet this demand, cellular providers need to 

have access to more bandwidth, which is their primary capital expenditure. They could 

reduce such costs—and introduce potentially far reaching improvements to cellular access, 

affordability, and coverage—by making better use of available spectrum in the 30–300 

GHz millimeter-wave (mmWave) band are discussed in “Scenarios for 5G mobile and 

wireless communications: The vision of the METIS project” [74]. 

Also demand in high data rate is on constant rise because of high data rate applications and 

the anticipated explosive growth in traffic generated by sensors with sensing and 

communication capabilities in internet of things (IoTs), machine-to machine 

communication (M2M), vehicle to everything (V2X) communications and smart sensors 

used in host of other applications are discussed in those paper [75-77].  Furthermore, global 

data traffic grew 70% from Q1 2016 to Q1 2017 with the trend continuing to increase. It’s 

predicted that traffic demand shall be 1000 times higher in early 2020 than that of traffic 

in 2010 is mentioned in “Scaling up mimo: Opportunities and challenges with very 

large arrays” [78]. Each new generation of wireless communications demands the search 

for new spectrum to increase system capacity and to create a ten-fold or more increase in 

mobile data rates. The limited availability of crowded sub-6 GHz spectrum and the vast 

amount of unused spectrum at millimeter-wave (mmWave) frequencies many Gigahertz 

wide band provided motivation for the investigation of mmWave bands for fifth-generation 

(5G) wireless systems [4, 5]. 

 High capacity, reliable and low-latency and massive connectivity shall be required for 5G 

mobile communication. The demand in high capacity and low-latency applications can be 

accommodated by using higher spectrum bandwidth at mmWave frequencies with massive 

MIMO. 

           2) Research paper on “Frequency bands used for 5G cellular network” 

Fifth-generation (5G) cellular systems tend to operate on the centimeter-wave frequency 

band (3-30 GHz) or millimeter wave frequency band (30 to 100 GHz). MmWave 
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frequencies have much smaller wavelengths, ranging from 1 mm to 100 mm, about the size 

of a human fingernail, whereas 4G frequencies have wavelengths that are tens of 

centimeters. Smaller wavelengths at mmWave frequencies have often been thought to 

result in higher attenuation (due to oxygen absorption and precipitation) through air, than 

that observed at today’s cellular bands. However, atmospheric attenuation across most of 

the mmWave spectrum only induces a fraction of a dB to just a few dB of additional loss 

at a 1 km distance, compared to Ultra High Frequency (UHF) bands [70], [71]. Within the 

5G millimeter wave (mmWave), where a vast amount of underutilized bandwidth exists 

world-wide, mobile radio services, Multiple input multiple-output (MIMO) spatial 

multiplexing and beamforming are regarded as key technology enablers which was 

indicated in “A Flexible Millimeter-Wave Channel Sounder with Absolute Timing” 

and “5G Uniform Linear Arrays with Beamforming and Spatial Multiplexing at 28 

37 64 and 71 GHz for Outdoor Urban Communication: A Two-Level Approach” 

[79,80]. 

Smaller wavelengths at mmWave frequencies have often been thought to result in higher 

attenuation (due to oxygen absorption and precipitation) through air, than that observed at 

today's cellular bands. It is true that mmWave frequencies undergo greater free space 

attenuation in the first meter of propagation once leaving an antenna, compared to today's 

Ultra High Frequency (UHF) cellular frequencies; however, atmospheric attenuation 

across most of the mmWave spectrum only induces a fraction of a dB to just a few dB of 

additional loss at a 1 km distance, compared to UHF bands are narrated in those paper 

[8,9]. 

Only at certain frequency bands, such as 60 GHz, 180 GHz, or 380 GHz, do molecular 

resonances create high atmospheric attenuation causing signals to attenuate much more 

rapidly with distance than today's UHF/microwave bands is mentioned in “5G wireless 

backhaul networks: challenges and research advances” [10]. These high-attenuation 

mmWave bands are better suited for local or personal area communications, or whisper 

radios" with coverage distances of a few meters (m) [8]. For precipitation, rain only 

contributes a few dB of attenuation at mmWaves compared to free space when considering 
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inter-site base station distances of no more than a few hundred meters, implying that the 

impact of rain will be mollified through the use of high gain, steerable antennas [10,14]. 

It can be possible to obtain huge bandwidth in different frequency bands like 28 GHz, 38 

GHz,60 GHz and E Band frequency at 71-76 GHz and 81-86 GHz band of millimeter wave 

band. Many channel have been modelled using these bands. For this work we select 28 

GHz band to provide huge bandwidth in our targeted area as our targeted area is densely 

populated with users and a lot amount of machines which are used for machine to machine 

communication and also vehicles for vehicle to vehicle or vehicle to everything 

communications.  

       3) Research paper on “Channel modeling for 5th generation cellular network” 

The medium between the transmitting antenna and the receiving antenna is termed as 

channel. As we know the characteristics of the signal changes when it propagates to 

transmitter to receiver through channel. There are several causes for this changes like 

existence of line of sight path between the antennas. Reflection, refraction, diffraction due 

to the obstacles in between the antennas. The objects between the transmitter and receiver 

and the relative motion between them. The signal attenuation as it travels through the 

medium. Noise in the received signal can be obtained from the transmitter signal due to 

different obstacles. It is quite difficult to design real world environment or scenario of a 

specific area. Researcher have studied different environment or scenario and provide us 

with a way to model the various medium that approximate the real world scenario. 

Shadowing is a major problem for cannel modeling. If the environment contains objects 

like building and trees, some part of the transmitted signal is get affected by absorption, 

reflection, refraction, diffraction and scattering as we talked about them in previous article. 

It is also referred as slow fading or long term fading [81].  
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A signal travelling in an environment may get reflected by several objects on the medium. 

This create chances to different reflected signals. The reflected signals arrive at the receiver 

at different time instants and with different intensities leading to multipath propagation. 

Depending on the phase of each individual reflected signal, the power of the received signal 

may decrease or increase. A small variation in the phase of the each reflected signal from 

each multipath may lead to significant difference in the total received power. This situation 

also referred as short term fading or fast fading. The multiple reflected copies of the 

transmitted signal arrive at the receiver at different power levels and at different time 

instants. This characteristic of multipath phenomena is described by power delay profile. 

Power delay profile gives a list of different time delays of each multipath and the associated 

power levels. This problem should be keep in mind to the researcher when they model a 

channel for an environment or a scenario in an area.   

To properly deploy millimeter, wave in 5G wireless system realistic channel model design 

is the main challenge for the researcher in the whole worldwide. The construction and 

implementation of channel models are becoming most important for wireless 

communication system design, and computer-aided design tools such as channel simulators 

are essential for performance evaluation of communications systems and for simulating 

network deployments, before moving forward with new technologies. To properly design 

and deploy 5G wireless systems, channel models based on fundamental physics and 

extensive measurements at the corresponding frequency bands are needed to analyze future 

air interfaces and signaling protocols is presents in "5G channel model with improved 

accuracy and efficiency in mmWave bands" [82]. 

Channel modelling is an important aspect of design of 5G communication systems 

particularly outdoor wireless cellular communication. The channel modelling at mmWave 

is challenging than the legacy sub-6 GHz because of multiple factors including high speed 

circuits and nonlinear device distortions and because of the wavelength of mmWave band 

signal. In the paper, “Statistical channel modelling of 5G mmWave MIMO wireless 

communication” the wavelength of signal at mmWave band becomes so small the 

attenuation caused by water molecules, oxygen, and dust particles present in the air is 
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paramount, but there is added benefit of reduced antenna size at mmWave band is discussed 

[83]. 

The channel modelling at mmWave is challenging than the legacy sub-6 GHz because of 

multiple factors including high speed circuits and nonlinear device distortions and because 

of the wavelength of mmWave band signal. The wavelength of signal at mmWave band 

becomes so small the attenuation caused by water molecules, oxygen, and dust particles 

present in the air is paramount, but there is added benefit of reduced antenna size at 

mmWave band [83]. 

There are several requirements for new channel model that will support 5G millimeter 

wave frequency bands. Antenna arrays, especially at higher-frequency millimeter-wave 

bands, will very likely be 2D and dual-polarized both at the access point (AP) and the user 

equipment (UE) and will hence need properly-modeled azimuth and elevation angles of 

departure and arrival of multipath components. Individual antenna elements will have 

antenna radiation patterns in azimuth and elevation and may require separate modeling for 

directional performance gains. Furthermore, polarization properties of the multipath 

components need to be accurately accounted for in the model. The new channel model 

must accommodate a wide frequency range up to 100 GHz. The joint propagation 

characteristics over different frequency bands will need to be evaluated for multi-band 

operation, e.g., low-band and high-band carrier aggregation configurations. The new 

channel model must support large channel bandwidths (up to 2GHz), where, the individual 

channel bandwidths may be in the range of 100 MHz to 2 GHz and may support carrier 

aggregation. The operating channels may be spread across an assigned range of several 

GHz [84].  

The new channel model must support a range of large antenna arrays. Some large antenna 

arrays will have very high directivity with angular resolution of the channel down to around 

1.0 degree. 5G will consist of different array types, e.g., linear, planar, cylindrical and 

spherical arrays, with arbitrary polarization. The array manifold vector can change 

significantly when the bandwidth is large relative to the carrier frequency. As such, the 
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wideband array manifold assumption is not valid and new modeling techniques may be 

required. It may be preferable, for example, to model arrival/departure angles with delays 

across the array and follow a spherical wave assumption instead of the usual plane wave 

assumption [84]. 

The new channel model must accommodate mobility, the channel model structure should 

be suitable for mobility up to 350 km/hr. The channel model structure should be suitable 

for small-scale mobility and rotation of both ends of the link in order to support scenarios 

such as device to device (D2D) or vehicle to vehicle (V2V). 

The new channel model must ensure spatial/temporal/frequency consistency, the model 

should provide spatial/temporal/frequency consistencies which may be characterized, for 

example, via spatial consistence, inter-site correlation, and correlation among frequency 

bands. The model should also ensure that the channel states, such as Line of Sight 

(LOS)/non-LOS (NLOS) for outdoor/indoor locations, the second order statistics of the 

channel, and the channel realizations change smoothly as a function of time, antenna 

position, and/or frequency in all propagation scenarios. The spatial temporal frequency 

consistencies should be supported for simulations where the channel consistency impacts 

the results (e.g. massive MIMO, mobility and beam tracking, etc. Such support could 

possibly be optional for simpler studies [84]. 

The model should be suitable for implementation in single-link simulation tools and in 

multi-cell, multi-link radio network simulation tools. Computational complexity and 

memory requirements should not be excessive. Accuracy may be provided by including 

additional modeling details with reasonable complexity to support the greater channel 

bandwidths, and spatial and temporal resolutions and spatial/temporal/frequency 

consistency, required for millimeter-wave modeling. The introduction of a new modeling 

methodology (e.g. Map based model) may significantly complicate the channel generation 

mechanism and thus substantially increase the implementation complexity of the system-

level simulator. Furthermore, if one applies a completely different modeling methodology 
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for frequencies above 6 GHz, it would be difficult to have meaningful comparative system 

evaluations for bands up to 100 GHz [84].  

             3) Research paper on “Channel modeling for MIMO” 

For channel modeling MIMO (multiple input multiple output) is very important aspect. 

Earlier in LTE system MIMO system used. Researcher for millimeter wave bands offering 

massive MIMO technology which is using orthogonal frequency division multiple access. 

There are several types of MIMO systems currently in use, with different MIMO radio 

manufacturers offering their own version of technology with different advantages and 

unique features. The new generation of small, high performance tactical MIMO radios 

allows for the benefits of MIMO to be utilize by large groups as well as small organizations. 

Ad hoc and mesh networking capabilities of many radio systems allows for dynamic 

deployment and quick response to changing situations without network outages [85].  

MIMO radio systems can take advantage of multiple types of antenna polarization schemes 

to improve diversity, which is one of the key ways MIMO systems are able to provide 

robust connectivity even challenging environments that would prove difficult for single 

antenna radio systems. Massive MIMO shall use hundreds of antennas at base station (BS) 

and provide energy-efficient communication. MIMO radio systems utilize multiple 

antennas in order to send and receive multiple data streams at once. The number of antennas 

needed is defined by the radio manufacturer based on what they determine will work for 

optimal transmission and reception with their particular hardware and software. As for 

Dhaka city there will be huge more bandwidth so the size of the MIMO should be large. 

But with the increase of transmitter and receiver there creates some problem. To utilize 

actual performance, the transmitter should know channel state information, but with the 

increase of transmitter it is quite difficult to gather these data. These problem is partially 

solved by using time division duplex system. So for selecting the MIMO antenna these 

should keep in mind [85]. 

           4) Research paper on “LOS and NLOS environment in 5G wireless network” 
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The LOS path loss in the bands of interest appears to follow Friis’ free space path loss 

model quite well. Just as in lower bands, a higher path loss slope (or path loss exponent) is 

observed in NLOS conditions. The shadow fading in the measurements appears to be 

similar to lower frequency bands, while ray-tracing results show a much higher shadow 

fading (>10 dB) than measurements, due to the larger dynamic range allowed in some ray 

tracing experiments. 

In NLOS conditions at frequencies below 6.0 GHz, the RMS delay spread is typically 

modelled at around 50-500 ns, the RMS azimuth angle spread of departure (from the AP) 

at around 10-30°, and the RMS azimuth angle spread of arrival (at the UE) at around 50-

80°.  There are measurements of the delay spread above 6 GHz which indicate somewhat 

smaller ranges as the frequency increases, and some measurements show the millimeter 

wave omnidirectional channel to be highly directional in nature [85]. As we know that 

Dhaka city is densely with users. Micro cell will be better option to provide proper demand. 

So we choose UMi as the operating scenario for the new channel. 

              5) Research paper on “Channel simulator in 5G wireless network” 

There are several channel simulators that have been developed and used by previous 

researchers.  For instance, Smith [86] built simulation software for indoor and outdoor 

propagation channels by making use of the two-ray Rayleigh fading channel model 

developed by Clarke is discussed in “A statistical theory of mobile-radio reception” [87]. 

Fraunhofer Heinrich Hertz Institute developed a 3-D multi-cell channel model that can 

accurately predict the performance for an urban macrocell setup with commercial high-

gain antennas, upon which a channel simulator has been built that supports features such 

as time evolution, scenario transitions, and so on [88]. A channel simulator for indoor 

scenarios was developed for machine-to-machine applications [89]. Rappaport and Seidel 

developed a measurement-based statistical indoor channel model named SIRCIM 

(Simulation of Indoor Radio Channel Impulse Response Models) for the early development 

of WiFi [90] and the corresponding simulation software to generate channel impulse 

responses (CIRs) for indoor channels operating from 10 MHz to 60 GHz. A similar open-



Page | 28  
 

source RF propagation simulator is SMRCIM (Simulation of Mobile Radio Channel 

Impulse Response Models), that was useful for simulating outdoor channels [91], [92]. 

Another software simulation program, called BERSIM [93], developed by Fung et al., was 

able to simulate mobile radio communication links and calculate average bit error rate 

(BER) and bit-by-bit error patterns, that was useful for evaluating link quality in real time 

without requiring any radio frequency hardware. 

Among the existing channel models, there are two main types of channel models now being 

considered by researchers and the industry for 5G wireless: one is the channel model 

inherited from the model for sub-6 GHz communication systems with modifications to 

accommodate the spectrum above 6 GHz up to 100 GHz, such as the 3GPP and ITU 

channel models; the other is the model established based also on extensive propagation 

measurements at frequencies from 0.5 to 100 GHz, such as NYUSIM developed based on 

millimeter-wave (mmWave) field measurements [94], [98]–[102]. 

NYUSIM has been developed based on extensive real-world wideband propagation 

channel measurements at multiple millimeter-wave (mmWave) frequencies from 28 to 73 

GHz in various outdoor environments in urban microcell (UMi), urban macrocell (UMa), 

and rural macrocell (RMa) environments [103] – [111]. NYUSIM provides an accurate 

rendering of actual channel impulse responses in both time and space, as well as realistic 

signal levels that were measured, and is applicable for a wide range of carrier frequencies 

from 500 MHz to 100 GHz, and RF bandwidths from 0 to 800 MHz. As of early 2017, over 

7,000 downloads of NYUSIM have been recorded. The source code was written in 

MATLAB [20] and a platform-independent graphical user interface (GUI) was created to 

facilitate the use of NYUSIM on machines using either Windows or Macintosh operating 

systems even without MATLAB installed. 

Omnidirectional channel models have widely been studied and adopted by industry and 

researchers around the world to assist in wireless system design, yet directional channel 

models are also important to properly design and implement antenna arrays to exploit 
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spatial diversity and/or beamforming gain in multiple-input multiple-output (MIMO) 

systems [112], [113]. 

This software based on statistical spatial channel model (SSCM) is backed by extensive 

measurements at mmWave frequencies. It uses time clusters (TCs) and spatial lobes to 

generate channel impulse responses and respective angle of arrival (AoA)/angle of 

departure (AoD) power spectra [12]. Time clusters are multipath components (MPCs) 

tightly packed in time that arrive from different directions. This software powered by 

SSCM can receive MPCs in a time cluster arriving from different angles because of high 

gain antennas and such feature is not available in 3GPP and WINNER propagation 

models[13][14]. This software can be used to generate channel impulse response (CIRs) 

for mmWave systems, perform BER simulation, characterise MIMO channel and obtain 

MIMO channel condition number. Condition number is a ratio of the highest and lowest 

value in singular value decomposition matrix (SVD) of MIMO channel [71]. 

Statistical channel modeling for 5G mmWave wireless communication multiple input 

multiple output has been considered with one two element transmitter and two element 

receivers at four instants. Lower bound and upper bound on transmitter and receiver 

separation is 100m to 120 m. The underlying scenario has been evaluated in terms of 

received power, path loss exponent (PLE) and path loss for directional, best-directional 

and omnidirectional cases.U.S. national institute for standards and technologies (NIST) 5G 

mmWave signal characterization and analyses for device measurements for mmWave and 

cellular applications are notable. NIST measurements are targeted for mmWave signal 

characterization, traceability of wideband modulated signals, integrated antenna arrays, 

uncertainties measurements in error vector magnitude (EVM), nonlinear mmWave device 

measurements and calibration, over-the-air (OTA) testing for massive MIMO, digital 

beamforming testbeds, reverberation chamber OTA measurements etc. Channel sounder-

system has been developed to access the MPCs to extract information on path loss, delay, 

AoA at mmWave frequencies. Pathloss for specific transmit-receive set up at 83.5 GHz for 

LOS and NLOS scenarios for indoor environment has been measured [23]. 
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          Because of the necessity of huge amount of data for Dhaka city new channel 

modelling has become mandatory in 5G wireless communication. There are a lot of 

requirements to design a new channel for a particular area either it can be urban or rural. 

By focusing on the amount of user’s microcell or macrocell should be determined. To fulfill 

the requirement our channel simulator offering more realistic data comparison with other 

channel simulator. Hopefully, 5G will be officially planned to launch in 2020. Then that 

time to determine proper channel parameter for designing channel will be going to be 

highly significant. 
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Chapter 3 

Methodology 

3.1 Methodology 

Methodology is a set of practices. This term may be used to refer to practices which are 

widely used across in industry or scientific discipline, the techniques used in a particular 

research study, or the techniques used to accomplish a particular project. People may also 

use the term “methodology” to refer to the study of such methods, rather than the methods 

themselves. 

A methodology can be considered to include multiple methods, each as applied to various 

facts of the whole scope of the methodology. The research can be divided between two 

parts, they are qualitative research and quantitative research. 

3.2 Research Design 

Research design is the framework that has been created to seek answers to research 

question. The design of a study defines the research material such as research question. 

The design of a study defines the research materials such as research question, independent 

and a dependent variable, experimental design, and if applicable, data collection methods 

and a statistical analysis plan. Research design for this research: 

 Study on 5G cellular network 

 Study on mmWave band frequency 

 Study on MIMO 

 Study on Channel modeling 

 Study on Channel modeling parameter 

 Study on Power delay profile 

 Study on LOS and NLOS environment communication 

 Study on AoA and AoD parameter for channel design 

 Study on the environment on Dhaka city 

 Study on the Urban Microcell 
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 Find out the proper channel parameter for channel design  

 Implement the procedure 

 

 

  

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2.1. A block diagram of overview of whole research 

 

 

 

Study about Background of 5th Generation Cellular Network 

Identification of the problem 

Generating idea for the solution of problem  

Simulation 

Comparative analysis and result 

To write a report on whole work 

Show the thesis 
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3.3 Pilot Study 

Pilot studies are small-scale, preliminary studies which aim to investigate whether crucial 

components of a main study – usually a randomized controlled trial (RCT) – will be 

feasible. For example, they may be used in attempt to predict an appropriate sample size 

for the full-scale project and/or to improve upon various aspects of the study design. Often 

RCTs require a lot of time and money to be carried out, so it is crucial that the researchers 

have confidence in the key steps they will take when conducting this type of study to avoid 

wasting time and resources. 

Thus, a pilot study must answer a simple question: “Can the full-scale study be conducted 

in the way that has been planned or should some component(s) be altered?” 

The reporting of pilot studies must be of high quality to allow readers to interpret the results 

and implications correctly. This blog will highlight some key things for readers to consider 

when they are appraising a pilot study. 

 Main reasons of Pilot study: 

Pilot studies are conducted to evaluate the feasibility of some crucial component(s) of the 

full-scale study. Typically, these can be divided into 3 main aspects: 

 Process: where the feasibility of the key steps in the main study is assessed  

 Resources: assessing problems with time and resources that may occur during the 

main study (e.g. how much time the main study will take to be completed; whether 

use of some equipment will be feasible or whether the form(s) of evaluation 

selected for the main study are as good as possible) 

 Management: problems with data management and with the team involved in the 

study (e.g. whether there were problems with collecting all the data needed for 

future analysis; whether the collected data are highly variable and whether data 

from different institutions can be analyzed together). 
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3.4 Software 

NYUSIM 5G channel simulator and MATLAB 2018 

3.5 Procedure 

Step 1: At first we are studying on the 5th generation cellular network, mmWave band 

frequency, MIMO, NLOS and LOS environment, channel modeling on the 5th generation 

network. 

Step 2: Then studying on the parameter for channel modeling and urban microcell. 

Step 3: Then collect data for channel and antenna properties Dhaka city that are used in 

current network. 

Step 4: Then simulate the MIMO for specific condition based on real environment data for 

28 GHz frequency. 

Step 5: Save the result. 

Step 6: Analysis the result. 

Step 7: Identify the proper channel parameter for best MIMO antenna. 

Step 8: Write down a report based on whole research work. 

3.6 Allocation of Rain Rate for Dhaka City 

The yearly statistics of rainfall for the last 23 years (1993 - 2013) of Dhaka city are amassed 

from Meteorological Department of Bangladesh. As a subtropical country, heavy rainfall 

is characteristic of Bangladesh. If we analysis the data of last 23 years, Dhaka city receive 

at least 2000 mm of rainfall per year. And if we average all of the rainfall of this data, we 

can allocate averagely 110mm/hr. rainfall for Dhaka city. 
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TABLE 3.6.1 Allocation of Rain Rate for Dhaka City [120] 

Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1993 5 53 87 113 556 486 418 439 374 217 19 0 

1994 13 54 115 201 254 266 153 246 169 55 14 0 

1995 8 31 0 88 264 237 354 360 205 91 112 1 

1996 0 21 54 199 208 343 257 361 244 357 0 0 

1997 2 7 136 133 151 249 549 230 402 39 1 22 

1998 49 4 83 178 405 91 521 552 246 100 83 0 

1999 0 0 0 21 428 348 553 282 361 368 13 0 

2000 13 44 172 189 471 192 200 426 214 272 0 0 

2001 0 1 33 46 402 392 202 205 209 177 18 0 

2002 24 4 51 111 272 373 446 272 144 52 40 0 

2003 0 25 96 123 140 473 191 202 264 134 0 45 

2004 0 0 9 167 162 476 295 191 839 208 0 0 

2005 1 3 155 91 291 259 542 361 514 417 3 0 

2006 0 0 0 181 185 326 331 167 663 61 5 0 

2007 0 30 11 163 185 628 753 505 179 320 111 0 

2008 23 56 45 91 205 577 563 319 279 227 0 0 

2009 1 1 43 14 168 170 676 482 298 74 4 0 

2010 0 48 22 37 177 308 167 340 169 174 0 81 

2011 0 0 20 123 235 314 356 409 207 112 0 0 

2012 10 1 37 269 137 175 226 282 81 38 68 5 

2013 0 8 26 32 378 325 302 212 172 131 0 4 

 

3.7 Allocation of Relative Humidity (Percent) for Dhaka City 

Humidity is the amount of water vapor present in the air. Water vapor is the gaseous state 

of water and is invisible to the human eye. Humidity indicates the likelihood of 

precipitation, dew, or fog. Bangladesh has a subtropical monsoon climate characterized by 

wide seasonal variations in rainfall, high temperatures and humidity. There are three 

distinct seasons in Bangladesh: a hot, humid summer from March to June; a cool, rainy 
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monsoon season from June to October; and a cool, dry winter from October to March. The 

ideal relative humidity for health and comfort is about 40–50%. But in Dhaka city it was 

averaged 65%. 

TABLE 3.7.1 Allocation of Relative Humidity for Dhaka City [120,121] 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1993 73 69 62 70 80 82 84 85 83 82 79 75 

1994 69 67 65 70 76 81 79 81 78 74 71 65 

1995 64 66 58 64 75 81 82 82 82 78 74 70 

1996 73 67 67 70 78 83 84 85 83 79 76 72 

1997 70 64 66 75 77 82 86 84 86 78 75 80 

1998 77 68 64 75 78 81 87 86 85 82 78 77 

1999 72 65 57 69 79 83 86 84 84 83 76 71 

2000 72 61 63 73 78 80 80 81 81 82 73 69 

2001 63 62 56 67 79 84 82 82 83 81 78 75 

2002 68 58 58 73 79 84 85 82 79 75 74 74 

2003 75 66 65 71 73 82 80 79 83 81 67 73 

2004 74 61 63 73 68 82 82 79 86 75 70 71 

2005 69 61 67 67 74 80 82 83 82 81 73 67 

2006 69 66 54 68 73 82 80 78 81 77 69 70 

2007 68 69 55 70 71 81 85 81 81 79 78 70 

2008 70 62 68 65 71 81 84 82 81 78 70 80 

2009 72 55 53 66 72 75 80 82 81 73 67 70 

2010 72 57 59 67 72 79 77 79 80 75 69 66 

2011 69 55 58 65 76 81 79 83 77 74 68 73 

2012 66 52 58 70 70 78 80 79 79 72 68 77 

2013 65 56 55 64 79 77 78 81 81 79 67 73 

 

3.8 Allocation of Barometric Pressure for Dhaka City 

Barometric pressure, also known as atmospheric pressure, is the weight of every air 

molecule above us, reaching all the way to the edge of space. Barometric pressure can 

affect a variety of things in our environment. These can include the oxygen content in our 

oceans, lakes, and rivers, water levels, our health, and the weather. Since barometric 

pressure plays such an important role in our daily lives, we use devices called barometers 
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to keep us informed of changes in barometric pressure. By analysis of 12 days’ data of 

April 2018, the average barometric pressure for Dhaka city is averaged 1013 mbar. 

TABLE 3.8.1 Allocation of Barometric Pressure for Dhaka City [122] 
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3.9 Allocation of Temperature for Dhaka City 

A UHI is a metropolitan area which is significantly warmer than its surrounding rural areas. 

The temperature difference usually is larger at night than during the daytime and larger in 

winter than in summer, and is most apparent when winds are weak. The main cause of the 

urban heat island is modification of the land surface by urban development; waste heat 

generated by energy usage is a secondary contributor. Since we have covered most of the 

land surface of Dhaka with concrete and asphalt pavements, the city has become an oven 

with millions of people in it. The average temperature for Dhaka city is roaming within 20-

30 degree celsius by analysis of 23 years’ data that are getting from meteorological station 

of Bangladesh. 

TABLE 3.9.1 Allocation of Temperature for Dhaka City [120] 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

18.8 22.4 26.8 28.9 29.3 29.5 29.2 29.3 29.1 27.9 24.6 20.7 

 

3.10 Procedure of calculating path loss 

From (1) and (2), along with other research in [116], and [117], path loss can be derived to 

include dependence on frequency as 
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𝑃𝐿𝑀(𝑑0𝑓)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ (dB) = α + 𝛽̅·10𝑙𝑜𝑔10(𝑑0) + γ·20𝑙𝑜𝑔10(
𝑓

𝑓𝑐
)                                                   (3.10.1) 

where γ represents a frequency dependency factor, and f/fc is the ratio of frequency 

deviation from the carrier frequency. 𝛽̅⁡represents an extracted best-fit linear regression to 

(3.10.1) using path loss values which are computed from the previous section’s PDPs by 

integrating each point to obtain received signal power at each location and AOD, then 

normalizing to the transmitted power of 30 dBm. The approach used to calculate 

𝛽̅⁡can be described by 

𝛽̅= 
∑ (𝑑𝑖−𝑑0̅̅̅̅ )⁡×(𝑃𝐿𝑀𝑖−𝑃𝐿𝑀̅̅ ̅̅ ̅̅ )⁡𝑛
𝑖

∑ (𝑑0−𝑑̅)
2𝑛

𝑖
                                                             (3.10.2) 

which is an adaptation of the work found in [118] where 𝑑𝑖 is the distance (in dB scale) of 

the ith measurement of PDPs for a given AOD and RX location. 𝑑0̅̅ ̅ is the average distance 

for all 𝑑𝑖 from the simulated value, and PLM is the average path loss for the data set. 

Moreover, here, α represents a floating intercept, as described by [118], of the linear 

regression fit for (3.10.1) and, thus, (3.10.2), which can fit data through examination, 

determines an attenuation point that can be used for the path loss model. α can be 

determined by  

α(dB) =𝑃𝐿𝑀̅̅ ̅̅ ̅̅  (dB) − 𝛽̅· 10𝑙𝑜𝑔10(𝑑0).                                                                           (3.10.3) 

For the linear regression, the value for α and 𝛽̅ are solved in parallel form (3.10.2) and 

(3.10.3). The regression fit has been computed for both the set of five transmissions on the 

28 GHz and GHz frequencies.  
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Chapter 4 

Analysis, Simulation and Result 

 

4.1 Analysis of MIMO for NLOS Environment for Dhaka city using 

Urban Microcell 

4.1.1 Analysis of MIMO using different T-R separation distance for urban microcell 

The technique of Multiple-input multiple-output (MIMO) have been used in modern 

wireless communication to improve reliability and capacity. The multiple antennas in a 

MIMO system may be deployed in different ways. The selection of right antenna element 

for MIMO is important for achieving better received power and less path loss for specific 

distance. 

At first we are calculating data for Dhaka city in NLOS environment at some fixed 

condition for evaluating proper number of antenna element for MIMO. Table 4.1.1.1 and 

4.1.1.2 is for 100 m T-R separation distance, then Table 4.1.1.3 and 4.1.1.4 is for 300m 

distance and finally Table 4.1.15 and 4.1.16 is for 500m distance respectively for 

omnidirectional and directional antenna. 

 Average Rain Rate for Dhaka city: 110mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 

 Temperature: 200 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 
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TABLE 4.1.1.1 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 100m distance for Omnidirectional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 3.9 140.3 -110.3 11.4 

3*3 3.5 132.2 -102.2 19.1 

4*4 3.1 122.6 -92.6 9.1 

5*5 3.2 125.1 -95.1 9.8 

6*6 3.1 122.6 -92.6 32.1 

7*7 2.9 118.7 -88.7 25.7 

 

TABLE 4.1.1.2 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 100m distance for directional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 4.2 146.1 -66.9 0.1 

3*3 3.7 134.7 -55.5 3.7 

4*4 3.1 123.7 -44.5 0.4 

5*5 3.4 129.2 -50.0 0.3 

6*6 3.2 125.1 -49.9 7.6 

7*7 2.9 119.5 -40.3 0.7 

 

TABLE 4.1.1.3 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 300m distance for Omnidirectional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 3.4 144.7 -114.7 30.1 

3*3 3.5 148.4 -118.4 26.4 

4*4 3.2 140.5 -110.5 16.6 

5*5 3.7 152.1 -122.1 47.0 

6*6 3.1 138.4 -108.4 38.4 

7*7 3.6 149.6 -119.6 24.0 
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TABLE 4.1.1.4 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 300m distance for directional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 3.6 150.2 -71.0 5.8 

3*3 3.7 152.3 -73.1 1.8 

4*4 3.5 147.9 -68.7 0.2 

5*5 3.9 158.4 -79.2 14.7 

6*6 3.2 141.0 -61.8 3.4 

7*7 3.7 153.4 -74.2 7.7 

 

TABLE 4.1.1.5 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 500m distance for Omnidirectional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 3.3 151.0 -121.0 20.2 

3*3 3.2 147.3 -117.3 41.8 

4*4 3.1 144.4 -114.4 35.0 

5*5 3.7 161.3 -131.3 52.5 

6*6 3.5 156.2 -126.2 38.9 

7*7 3.8 163.7 -133.7 40.6 

 

TABLE 4.1.1.6 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 500m distance for directional antenna 

MIMO Used Path 

Loss Exponent 

Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

2*2 3.4 153.3 -74.1 1.2 

3*3 3.3 150.6 -71.4 3.0 

4*4 3.3 149.6 -70.3 5.3 

5*5 3.8 164.8 -85.6 15.1 

6*6 3.6 159.9 -80.7 4.0 

7*7 3.9 166.4 -87.2 6.1 
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From the analysis of above calculation of that’s type of data we can indicate that the MIMO 

with 4*4 antenna element is giving less path loss, better received power and less RMS 

delay spread.  And also can able to say, directional path loss and directional PLE will 

always be larger (i.e., a directional channel is more lossy) than the omnidirectional case, 

because the directional antenna will spatially filter out many multipath components due to 

its directional pattern, such that the RX receives fewer multipath components hence less 

energy, thereby the directional path loss is higher after removing the antenna gain effect 

from the received power. This indication is true from small to larger distance. We are doing 

this calculation for 100m, 300m and 500m T-R separation distance. And each of simulation 

time 4*4 MIMO will give us definitely good result if we compare with other MIMO 

antenna element. 

4.1.2 Analysis of 4*4 MIMO using different T-R separation distance and 

Temperature for NLOS environment 

As Bangladesh is a subtropical country, the season is not always remaining same in the 

year. In the time of sunny days’ temperature will increase up to 350 to 390 Celsius as per 

as last 3-5 year records. It will averagely 300 Celsius in that time.    

So, now we are calculating data for NLOS environment at temperature 30 degree Celsius 

with 0mm/hr. rain rate  

 Average Rain Rate for Dhaka city: 0 mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 

 Temperature: 300 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 
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TABLE 4.1.2.1 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 300 Celsius for Omnidirectional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 3.8 138.2 -108.2 11.4 

300 3.4 145.5 -155.5 19.1 

500 3.0 143.0 -113.0 9.1 

 

TABLE 4.1.2.2 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

300 Celsius for directional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 4.1 144.0 -64.8 0.1 

300 3.5 148.0 -68.7 3.7 

500 3.1 144.0 -64.9 0.4 

 

Table 4.1.2.1 shows the channel parameter specially path loss exponent, received power 

and rms delay spread for omnidirectional antenna and Table 4.1.2.1 is for directional 

antenna. And it’s definitely true that at the temperature 300 celsius, with the increasing of 

distance between transmitter and receiver the average path loss will be decreased and the 

received will be increased for receiver location 1 to 3 both for omnidirectional and 

directional antenna. And we are able to say, in the high temperature 4*4 MIMO antenna 

will provide better result in the long distance. 

 

 As we are saying previously, Bangladesh is a subtropical country, in the season of 

winter the temperature is generally below 200 or below 200 and also there is no 

heavy rainfall. 

So, at now we are using 15-degree temperature for calculating data: 

 Average Rain Rate for Dhaka city: 0 mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 
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 Temperature: 150 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 

 

TABLE 4.1.2.3 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 150 Celsius for Omnidirectional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 3.3 128.4 -98.4 24.0 

300 2.9 132.5 -102.5 38.4 

500 3.4 153.2 -123.6 5.9 

 

TABLE 4.1.2.4 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 150 Celsius for directional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 3.5 132.2 -53.0 7.7 

300 3.0 135.1 -55.9 3.4 

500 3.5 156.2 -77.0 0.4 

 

So, from Table 4.1.2.3 and 4.1.2.4, we can able to say that when temperature is low and 

there is no rainfall, 4*4 MIMO antenna will show clearly better result when the T-R 

separation distance is near 300m. So with the decreasing of temperature we also need to 

decrease the distance between transmitter and receiver for achieving better output. And 

also we can to say, the effect of rain is so much drastic for which path loss will be increased. 
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4.2 Analysis of MIMO for LOS Environment for Dhaka city using Urban 

Microcell 

4.2.1 Analysis of MIMO using different T-R separation distance for LOS 

environment 

The mobile industry has found benefit in describing path loss for both LOS and NLOS 

conditions separately. As a consequence, models for the probability of LOS are required, 

i.e., statistical models are needed to predict the likelihood that a UE is within a clear LOS 

of the BS, or in an NLOS region due to obstructions. LOS propagation will offer more 

reliable performance in mmWave communications as compared to NLOS conditions, 

given the greater diffraction loss at higher frequencies and given the larger path loss 

exponent as well as increased shadowing variance in NLOS as compared to LOS. The LOS 

probability is modeled as a function of the 2D TX-RX (T-R) separation distance and is 

frequency-independent, as it is solely based on the geometry and layout of an environment 

or scenario [23]. In the approach of 5GCM [12], the LOS state is determined by a map-

based approach in which only the TX and the RX positions are considered for determining 

if the direct path between the TX and RX is blocked. 

So, now we are calculating data for Dhaka city in LOS environment at some fixed 

condition. In here we are choosing the summer season for MIMO selection where there is 

no rain and the temperature is raising up to average 300 Celsius. 

 Average Rain Rate for Dhaka city: 0mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 

 Temperature: 300 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 
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TABLE 4.2.1.1 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

100m T-R separation distance for omnidirectional antenna 

MIMO PLE PL in dB Received Power 

in dBm 

RMS Delay 

Spread in ns 

2*2 2.4 108.7 -78.7 17.9 

3*3 2.0 101.3 -71.3 21.9 

4*4 1.9 98.6 -68.6 15.8 

5*5 2.0 100.4 -70.4 20.4 

6*6 2.1 104.2 -74.2 15.0 

 

TABLE 4.2.1.2 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

100m T-R separation distance for directional antenna 

MIMO PLE PL in dB Received Power 

in dBm 

RMS Delay 

Spread in ns 

2*2 2.7 115.3 -36.1 2.9 

3*3 2.3 107.0 -27.7 6.5 

4*4 2.1 102.8 -23.6 0.9 

5*5 2.2 105.2 -26.0 6.0 

6*6 2.3 107.1 -27.9 0.3 

 

TABLE 4.2.1.3 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

300m T-R separation distance for omnidirectional antenna 

MIMO PLE PL in dB Received Power in 

dBm 

RMS Delay 

Spread in ns 

2*2 2.1 114.3 -84.3 20.2 

3*3 1.9 108.1 -78.1 16.8 

4*4 2.4 120.4 -90.4 12.3 

5*5 2.0 110.9 -80.9 13.2 

6*6 2.1 112.4 -82.4 19.5 
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TABLE 4.2.1.4 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

300m T-R separation distance for directional antenna 

MIMO PLE PL in dB Received Power 

in dBm 

RMS Delay 

Spread in ns 

2*2 2.4 120.1 -40.9 2.6 

3*3 2.1 114.4 -35.2 1.4 

4*4 2.6 125.0 -45.8 1.4 

5*5 2.2 115.4 -36.2 2.6 

6*6 2.3 118.2 -39.0 2.5 

 

TABLE 4.2.1.5 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

500m T-R separation distance for omnidirectional antenna 

MIMO PLE PL in dB Received Power 

in dBm 

RMS Delay 

Spread in ns 

2*2 2.0 115.9 -85.9 21..2 

3*3 1.9 113.5 -83.5 24.0 

4*4 1.5 100.6 -70.6 13.8 

5*5 1.9 112.5 -82.5 18.7 

6*6 2.1 116.7 -86.7 17.8 

 

TABLE 4.2.1.6 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

500m T-R separation distance for directional antenna 

MIMO PLE PL in dB Received Power 

in dBm 

RMS Delay 

Spread in ns 

2*2 2.3 122.3 -43.1 3.8 

3*3 2.0 115.0 -35.8 0.5 

4*4 1.6 105.1 -25.9 1.2 

5*5 2.1 116.8 -37.6 1.0 

6*6 2.2 120.1 -40.9 0.4 

 

In the LOS environment, the selection of right antenna element for MIMO is not so easy. 

Because of in this environment, the value of path loss, received power shows fluctuation 
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for different types of MIMO. But after that, we can say 4*4 MIMO antenna again show 

averaged better received power, less path loss and less RMS delay spread. When we are 

increasing antenna element, there are need to face some problem. Like, the first one is 

essential for the transmitter to acquire the Channel State Information (CSI) to fully enjoy 

the capacity gain offered by MIMO systems, especially for multi-user scenarios. However, 

as the number of antennas increases, the overhead of acquiring CSI grows accordingly. 

This issue can be partially solved in a Time Division Duplex (TDD) system which reduces 

the overhead of CSI by utilizing the reciprocity of the channel. 

And then another major problem, which was pointed out that the complexity of precoding 

and detection will rise with the number of antennas. When the number of transmit antennas 

is much larger than the number of receive antennas, simple linear precoders and detectors 

are sufficient to offer nearly optimal performance. However, when the number of transmit 

antennas is comparable to or less than the number of receive antennas, the design of 

precoders and detectors with reasonable complexity becomes more challenging. 

So, we can say, that’s the reason for which large type of MIMO antenna is expressed less 

good result. 

4.2.2 Analysis of 4*4 MIMO using different T-R separation distance and 

Temperature for NLOS environment 

Now we are calculating data for LOS environment at temperature 150 Celsius with 0mm/hr. 

rain rate 

 Average Rain Rate for Dhaka city: 0 mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 

 Temperature: 150 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 
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TABLE 4.2.1 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

150 Celsius for Omnidirectional antenna 

T-R Separation in 

m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 2.4 108.7 -78.7 17.9 

300 2.0 110.8 -80.8 21.9 

500 1.9 112.7 -82.7 15.8 

 

TABLE 4.2.2 Path Loss, Received Power and RMS Delay Spread for 28 GHz LOS scenario at 

150 Celsius for directional antenna 

T-R Separation in 

m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 2.7 115.3 -36.1 2.9 

300 2.2 116.5 -37.3 6.5 

500 2.1 116.8 -37.6 0.9 

 

In this condition of LOS environment, it will show gradual result, like with the increase of 

receiver location 4*4 MIMO antenna will show better result for lower transmitter receiver 

separation distance. Like that, when the receiver location is set to 1, then the MIMO 

antenna will provide better result for 500m T-R separation distance. And when the receiver 

location is 3, then this distance is gradually decrease to 100m both for directional and 

omnidirectional antenna. And it also different from NLOS environment. In NLOS 

environment, when temperature is low and there is no rainfall, 4*4 MIMO antenna will 

show probably better result when the T-R separation distance is near 300m and there is no 

dependency in receiver location. 

 

 So, now with 200 Celsius and 100mm/hr. rain rate the calculation for LOS 

environment is goes to, 
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 Average Rain Rate for Dhaka city: 110 mm/hr. 

 Average Barometric Pressure for Dhaka city: 1013 mbar [121] 

 Average Humidity for Dhaka city: 65% [120,122] 

 Temperature: 200 Celsius 

 Number of receiver location: 100 

 Scenario: Urban Micro Cell 

 Transmitter power: 30 dBm 

 Array type: Uniform Rectangular Array 

 

TABLE 4.2.3 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 200 Celsius for Omnidirectional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 2.5 110.7 -80.7 17.9 

300 2.2 116.8 -86.8 21.9 

500 2.3 122.5 -92.5 15.8 

 

TABLE 4.2.4 Path Loss, Received Power and RMS Delay Spread for 28 GHz NLOS scenario 

at 200 Celsius for directional antenna 

T-R Separation 

in m 

PLE Path Loss 

in dB 

Received Power 

in dBm 

RMS Delay 

Spread 

in ns 

100 2.8 117.3 -38.1 2.9 

300 2.5 122.4 -43.2 6.5 

500 2.4 126.7 -47.5 0.9 

 

In, the LOS environment, there is not so much effect of rain in the wireless communication 

which will be assure by those table. Those calculations also indicate that, when the receiver 

location increase that means N simulation runs are performed to emulate N random MIMO 
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channel realizations with the input parameters described above. And, also there is in low 

distance like 100m, 4*4 MIMO antenna will provide good result. 

So, we can have fixed and assure that, 4*4 MIMO antenna is showing clearly good result 

both for LOS and NLOS environment and both for omnidirectional and directional antenna. 

4.3 AoA, AoD and PDP for 4*4 MIMO using different condition 

The simulation of the selected model with different choice of parameters is carried out in 

this section. It should be noted that statistical channel modeling is focused on extracting 

models form the measured azimuth and elevation power spectrum using 3-D ray-tracing 

predictions and generating the required data when measurements are not available [113]. 

For the simulation, assumptions were made for both channel and antenna properties, which 

can be discussed in previous section. 

To simulate a NLOS and LOS environment within the Dhaka metropolitan and surrounding 

areas, channel parameters were generated to match the average environmental variables. 

For example, the average barometric pressure in the Dhaka area is 1013 mbar, the average 

temperature is 20◦C, and average humidity is set to 65%. Combined with the channel 

parameters for 5G, the frequencies simulated were 28 GHz with an RF bandwidth of 800 

MHz. For an average user, the transmitter to receiver separation were set to 100m, 300m, 

500m with an (ideal) co-polarization reception angle. The antenna parameters used were 

set to standard values so that simulations remained constant and independent of antennas. 

The TX and RX array types were set to URA for higher throughput, in accordance with 

[114]. Antenna spacing was set to 0.5λ so that there was no chance for a receiving party to 

be out of range and the azimuth and elevation were set at 10◦ so that both azimuth and 

elevation beams could be used. 

4.3.1 AOA and AOD Lobe Power Spectrum for NLOS environment 

The AOA and AOD lobe power spectra reveal that between the 28 GHz simulations, we 

see a similar power level. The multipath power delays were seen to be a function of the 

azimuth angle for both TX and RX. The received power is plotted into polar plots for both 

the 28 GHz frequencies bands as shown in Figures 4.3.1.1, 4.3.1.2, 4.3.1.3 respectively. 
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Each ray represents the peak of a lobe3, where each lobe represents a possible propagation 

route. AOA and AOD can be defined as 𝜃̅ which represents a power-weighted mean 

pointing angle (angle of direction). 𝜃̅ can be used on each lobe to identify a single direction 

of energy arrival/departure calculated by,   

                                               𝜃̅ =
∑ 𝑃(𝜃𝑘)𝜃𝑘𝑘

∑ 𝑃(𝜃𝑘)𝑘
                                                               4.3.1.1 

Where k is the index of the pointing angle, in degrees, within a lobe and⁡𝑃(𝜃𝑘) is the 

received power at 𝜃𝑘. Being that the results and values for both sets of data are randomly 

generated for differing distances, it is possible for a scenario to be precisely simulated using 

the 3-D SSCM. The mean value for a set of AOA/AOD rays, i.e. lobes, if measured or 

simulated in/for a surrounding area should return a uniform distribution between 0 to 360 

degrees. As shown by Figures 4.3.1.1, 4.3.1.2, 4.3.1.3, the AOA/AOD lobe power spectra 

appear similar and closely related. The similarities in power spectra can be attributed to the 

transmitted power which is set to 30 dBm for all cases, and is not dependent on the 

frequency of transmission. 

A. In 200 Celsius temperature with 110 mm/hr. rain rate in 300m T-R separation 

distance 

 

Fig. 4.3.1..1. AoD and AoA power spectrum for 28 GHz in 200 Celsius 
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B. In 150 Celsius temperature without rain rate in 300m T-R separation distance 

 

Fig. 4.3.1..2. AoD and AoA power spectrum for 28 GHz in 150 Celsius 

 

 

C. In 300 Celsius temperature without rain rate in 500m T-R separation distance 

 

Fig. 4.3.1..3. AoD and AoA power spectrum for 28 GHz in 150 Celsius 
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4.3.2 AOA and AOD Lobe Power Spectrum for LOS environment 

A. In 300 Celsius temperature without rain rate in 500m T-R separation distance 

 

Fig. 4.3.2.1. AoD and AoA Power Spectrum for 28 GHz 300 Celsius 

 

 

 

B. In 150 Celsius temperature without rain rate in 100m T-R separation distance 

 

Fig. 4.3.2.2. AoD and AoA Power Spectrum for 28 GHz 150 Celsius 
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C. In 200 Celsius temperature with 100mm/hr. rain rate in 100m T-R separation 

distance 

 

 

Fig. 4.3.2.3. AoD and AoA Power Spectrum for 28 GHz 300 Celsius 

Both for NLOS and LOS environment AOA and AOD can be represents a power-weighted 

mean pointing angle (angle of direction). It can be used on each lobe to identify a single 

direction of energy arrival/departure. The mean value for a set of AOA/AOD rays, i.e. 

lobes, if measured or simulated in/for a surrounding area should return a uniform 

distribution between 0 to 360 degrees. As shown by 4.3.2.1, 4.3.2.2, 4.3.2.3 respectively, 

the AOA/AOD lobe power spectra appear similar and closely related. The similarities in 

power spectra can be attributed to the transmitted power which is set to 30 dBm for all 

cases, and is not dependent on the frequency of transmission. 

4.3.3 Omnidirectional and directional power delay profile for 28 GHz NLOS and LOS 

at 200 temperature 

In order to fully understand the channel, the propagation of the channel needs to be 

examined. Most usually, the propagation is described by the superposition of multiple 

traveling waves, where each impinging wave at the receiver is described by its path 

amplitude (voltage), delay, AOD, and AOA. From these components, a double-directional, 

i.e. omnidirectional, time-invariant channel impulse response (CIR) can be calculated by,  

ℎ𝑜𝑚𝑛𝑖(𝑡, 𝜃̅, 𝜙̅) = ∑ 𝑎𝑘𝑒
𝑗𝜃𝑘𝑁

𝑘=1 𝛿(𝑡 − 𝜏𝑘). 𝛿(𝜃̅ − 𝜃̅𝑘). 𝛿(𝜙̅ − 𝜙̅𝑘)                              4.3.3.1 
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Where 𝑎𝑘, 𝜃𝑘, and 𝜏𝑘 are amplitude, phase, and propagation delay, respectively, of the kth 

multipath component, 𝜃̅𝑘⁡ and 𝜙̅𝑘. N represents the total number of resolvable path 

components, and δ() is the Dirac-delta function.    

 

Fig. 4.3.3.1. Omnidirectional PDP for 28 GHz NLOS environment 

 

Fig. 4.3.3.2. Omnidirectional PDP for 28 GHz LOS environment 

 

The 28 GHz bands proved to be similar in their propagation delays due to their relatively 

similar separation distances. As separation distances were increased in simulation, the 

absolute propagation time also increased. The slight differences in attenuation can be noted 

between the two separation distance in LOS and NLOS environment, and it is suspected 
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that, according to [115], a shadowing factor may have come into play which indicated more 

variability in shadowing at higher mmWave frequencies. The increased shadowing effect 

can be attributed to increased diffuse scattering, diffraction loss, and weaker reflections. 

4.3.4 Directional and directional power delay profile for 28 GHz NLOS and LOS at 

200 

 

Fig. 4.3.4.1. Directional PDP for 28 GHz NLOS environment 

 

Fig. 4.3.4.2. Directional PDP for 28 GHz LOS environment 

Directional PDP with strongest power in 28 GHz LOS and NLOS is presented in Figures 

4.3.4.1 and 4.3.4.2. It shows that in LOS, the received power of PDP goes down after about 

650 ns, whereas in NLOS, it goes down after about 1620 ns. 
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4.3.5 Path Loss 

Path loss may occur due to various phenomena like free space path loss, reflection, 

diffraction, fading, shadowing, etc. There are a large number of theoretical analysis on path 

loss exponent estimation, without considering the practical measurements and 

environmental conditions. 

 

Fig. 4.3.5.1. Omnidirectional and directional path loss for 28 GHz NLOS 

 

Fig. 4.3.5.2. Omnidirectional and directional path loss for 28 GHz LOS 

The scatter plot shows the omnidirectional and directional path loss values generated for 

the 28 GHz UMi LOS and NLOS scenarios, with a T-R distance of about 300m for NOS, 
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and about 100m for LOS. The path-lost scattered between 90-160 dB for both NLOS and 

LOS. 

It also shows fitted path loss exponent and shadow fading standard deviation, best direction 

from which strong signal is received. Directional path loss and directional path loss 

exponent are higher this is because directional channel is more lossy when compared to 

omnidirectional channel. This is because of the directional antenna filters out MPCs and 

receives few MPCs from a specific direction. Antenna elevation and azimuth HPBWs are 

set to 10° and 15° respectively at both transmitter and receiver. The results for PLE and 

shadow fading are in agreement with measured results in [119]. 
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Chapter 5 

Conclusion 

 

In this thesis channel modelling of 5G mmWave cellular communication for urban 

microcell is simulated in LOS and NLOS condition at operating frequency of 28 GHz with 

multiple antenna elements at transmitter and receiver. Different parameters affecting the 

channel has been considered in simulation using NYUSIM software developed at NYU 

Wireless. Channel impulse response is generated for different simulation runs at different 

transmitter and receiver separations. Channel parameters like AoA/AoD power spectra, 

directional power delay profile, omnidirectional power delay profile at different antenna 

elements are recorded. Scatter plot of path loss as a function of distance for 

omnidirectional, directional and best direction is also produced with different statistical 

parameters like path loss, path loss exponent and standard deviation. 

Also this thesis describes about the proper selection of antenna element for MIMO in 5G 

cellular mobile communication in 28 GHz frequency. This thesis also describes about the 

communication in NLOS and LOS environment. And also after that, the path loss and time 

dispersion estimated for 5G channels at 28 GHz frequency for LOS and NLOS 

environments also will be discussed on based on different parameter. A comparison study 

of LOS and NLOS performance in the 28 GHz band for Millimeter-Wave wireless 

networks has been discussed, including the performance for time delay, received power, 

azimuth AoD, Elevation AoD, Azimuth AoA, Elevation AoA, path-lost and RMS delay in 

LOS and NLOS environments. The time delay in LOS is greatly fluctuative whereas time 

delay in NLOS is more stable. 
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