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Abstract:- This paper represents experimentally 

determined large-scale and small-scale channel model 

parameters for 28 GHz and 73 GHz that describe the 

typical temporal and angular characteristics of 

multipath components for 5G communication. New York 

University researchers created a statistical spatial 

channel model for broadband millimeter-wave 

(mmWave) wireless communication systems, which 

served as the foundation for NYUSIM (NYU). The 

simulator works with a variety of carrier frequencies 

(500 MHz to 100 GHz). We display the 32x32 graphs 

between the transceivers using the NYUSIM. 

Performance demonstrates that the directed PDP (Path 

Delay Profile) has the best performance and that the 

PLE (Path Loss Exponential) is greater than the Line Of 

Sight (LOS). 
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I. INTRODUCTION 
 

Millimeter wave MIMO is viewed as one of the main 

5G wireless network enablers. The Millimeter-wave 

(mmWave) with bandwidth of 30-300 GHz has been 

proposed for the 5G mobile network (1). Highly directional, 

steerable narrow beams may be generated in mmWave 
antenna arrays to accurately guide the broadcast power to 

the intended consumers along chosen direction. Compared 

to currently utilised microwave bands, mmWave bands have 

a relatively tiny wavelength. This allows for the 

combination of multiple antennas into a small-sized device, 

allowing for the physical miniaturisation of smaller circuits, 

modules, and equipment for 5G millimetre Wave 

applications. (2-6). Nowadays cellular systems use UHF 

(ultrahigh frequency) and Microwave bands exploiting 

multi-user multiple-input multiple-output (MU-MIMO). A 

3D mm wave SSCM (Spatial Channel Model) for channel 
impulse response (CIR) is for omnidirectional and 

directional channel for transmitter and receiver.  This article 

introduces an open-source channel simulator called 

NYUSIM (10). It is a developed based on extensive real-

world broadband propagation channel measurements at 

several millimeter wave (mmWave) frequencies from 28 to 

73 GHz. NYUSIM is accurate Rendering of the channel's 

actual impulse response in both time and time as well as the 

measured actual signal level Applicable to a wide range of 

carrier frequencies from 500 MHz to 100 GHz and RF 

bandwidth 0 to 800 MHz, there are 28 input parameter for 
this channel simulator. It can be grouped into two types 

channel parameter and antenna properties. NYUSIM 

searches the best pointing angles out of all possible pointing 

angles using the specified antenna details. The 

omnidirectional CIR and associated joint angle of departure 
(AOD)/angle of arrival (AOA) power spectrum are 

modelled using the statistical spatial channel model (SSCM) 

(8) in NYUSIM, which makes use of temporal clusters (TC) 

and spatial lobes (SL). The principal routes of arrival or 

departure of energy over several hundreds of nanoseconds 

are represented by spatial lobes.  
 

II. LITERATURE REVIEW 
 

Yichuan Lin et al. (3) focus on beam tracking in the 

millimetre wave range and are based on phase array 

antennas. This document also provides the sensor's attitude 

information and angle of arrival for mobile terminals. Angle 

of arrival mismatches caused by the mobile station in the 

beam tracking approach is the paper's restriction or research 

gap. The author of this study put up a predictive beam 

tracking system to avoid self blockage loss. 
 

Sarvjit Singh et al (2, 4, 6, 9) show the simulation of 

different type of data over the LTE packet wavelets. This 

paper also included a performance analysis of wireless 

VOIP (Voice over Internet Protocol) for listed audio signal 

by applying other wavelets families. “The pro’s of time 

frequency resolution and localization in wavelets makes it 

favourable too for audio signals transmitted via VOIP 

applications”. ANOVA (Analysis of Variance) is used for 
the accuracy level of the recorded data. 

 

Ahmed Alkhateeb et al (5) employ a hybrid precoding 

approach for a millimetre wave system with many users. A 
combination of digital and analogue processing based on 

signal hardware is needed for hybrid precoding. The 

asymptotic optimality technique and beam steering solution 

are provided in this study after analysis of the effects of 

single-path channels on the size of the system. The outcome 

demonstrates that the hybrid precoding gain is quite 

sensitive to the RF angles quantization. 
 

Tyagi et al (7) used two AB structures that are 

presented the main emphasis of this article. The antenna is 

linked to a different RF chain using a switch-based network 

that changes the phase shifter. There is a 50% gain in energy 

efficiency. The ZF methodologies for both perfect and 

imperfect CSI were employed for the estimate of the 

transmitted symbol. 
 

Morsali et al() The basic HB design was initially 

constructed by Morsali who then presented a method to 

verify the bare minimum of RF chains required to find any 

FD in HB. A common unit is thought to exist amongst all 

AB components. There is a minimal amount of RF required 
on its own if the output of the DB is the same throughout the 
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RF chain, and if it is not different, the minimum value of the 

RF chain is two, which is why the degree of freedom in 

design is discovered as a full solution. 
 

Tyagi (2019) focusing on the two AB (Analog 

Beamforming) structures is proposed. The two different RF 

(Radio Frequency) chain is connected to the antenna where 

phase shifter can be changed into the switch based network. 

50% of the energy efficiency can be increased. For the 

estimation of transmitting symbol used the ZF techniques 

for perfect and imperfect CSI. 
 

Om Prakash Roy et al (9) focused on voice over the 

internet protocol technology. It deals with real time data 

transfer to make the use of internet for phone calls and 

video. This paper also includes the reliability techniques for 

obtaining the high quality of voice in voice over the internet 
protocol network. 

 

Mustafa Sabah Noori et al (10) focused on the wireless 

network voice over the internet protocol (IP) protocol 

performance evaluation. This paper also include that the two 
signalling protocol are simulated using QualNet network to 

analyzed the performance of wireless network. 
 

III. METHODOLOGY 
 

 Uses millimeter-wave MIMO radio channels. 

 Channel model with a frequency of 28GHz to 73GHz. 

UMi (Urban Microcell) scenario with 800 MHz 

bandwidth using the antenna of 32 x 32 ULA array 

antennas. 

 NYUSIM application affects millimeter wave parameters 

such as in line of sight. 
 

A. NYUSIM 
New York University researchers created a statistical 

spatial channel model for broadband mmWave wireless 

communication systems on which NYUSIM is based. From 

2 to 73 GHz, a 5G mmWave channel model was 

constructed. In order to support his 5G communication 

designs and realistic physical and data link layer 

simulations, NYUSIM may be utilised to provide realistic 

temporal and spatial channel responses. A large carrier 

frequency range, from 500 MHz to 100 GHz, may be 

covered by this simulator. 
 

B. INPUT PARAMETER 

The simulator's 28 entry parameters may be divided into 

two major categories: channel parameters and antenna 

attributes. Now the input channel parameters in NYUSIM 

can be defined as: 

 Frequency: 28 GHz 

 RF bandwidth: 800 MHz 

 Scenario: UMi 

 Environment: LOS 

 Lower Bound of T-R  

 Separation Distance: 10 m 

 Upper Bound of T-R  

 Separation Distance: 50 m 

 TX Power: 30 dBm 

 Base station height :3m 

 user terminal height : 1.5m 

 number of RX location:1 

 Barometric Pressure:  

 Humidity: 50% 

 Temperature: 20? 

 Rain Rate: 0 mm/hr 

 Polarization: Co-Pol 

 Foliage Loss: No 

 TX Array Type: ULA 

 RX Array Type: ULA 

 Number of TX Antenna  

 Elements Nt: 32 

 Number of RX Antenna  

 Elements Nr: 32 

 TX Antenna Spacing: 0.5 wavelength 

 RX Antenna Spacing: 0.5 wavelength 

 Number of TX Antenna  

 Elements Per Row Wt: 1 

 Number of RX Antenna  

 Elements Per Row Wr: 1 

 TX Antenna Azimuth HPBW  

 TX Antenna Elevation HPBW  

 RX Antenna Azimuth HPBW 

 RX Antenna Elevation HPBW  
 

IV. RESULT 
 

Through NYUSIM v3, results are collected and New 

York University produced it (NYU). With NYUSIM's drop-
based mode, it is simple to create an ensemble of random, 

independent channel responses for either a set T-R 

separation distance or a range of T-R separation 

distances. For various T-R separation lengths, a simulation 

run may generate hundreds or thousands of channel impulse 

responses. In the simulations the Urban Microcell (UMi) 

is used in high density areas with distances up to 200 m, and 

the distance between the transmitter and receiver is also 10 

m. Figure 1 shows 3D AOD power spectrum 

with a frequency of 28 GHz. The selected scenario is shown 

in UMi (Urban Microcell). The number of transmit / 

receive antenna elements is 32. 
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Fig. 1: 3D Angle of Arrival power spectrum 

 

 
Fig. 2: 3D Angle of Departure power spectrum 

 

In the NYUSIM simulator, the distance between the 
transmitter and receiver is in the range of 20-200m for UMi 

scenarios, LOS (Line of Sight) and Urban Microcell. In 

Figure 3 shows the omnidirectional Power Delay Profile 

(PDP). The PDP plot shows a few key pieces of data, 

including the frequency, environment, T-R separation 

distance, RMS delay spread, omnidirectional received 

power, omnidirectional path loss, and PLE.  The transmit 

power, dynamic range of our measuring equipment, and a 10 

dB SNR are used to calculate the lower limit of the y-axis, 

which represents the noise threshold. There are two main 

components to this figure: received power and time delay. 

The received power is 71.3 dBm and the propagation delay 
is 17.9 ns. The exponential path loss is 2.5. 

 

In Figure 4 shows the directional PDP with the 
strongest performance. Since directional antennas/antenna 

arrays will be used at the TX and/or the RX in a realistic 

mmWave communication system to provide gains to offset 

the higher free space path loss at mmWave frequencies, this 

figure is produced by allowing users to implement arbitrary 

directional antenna patterns (gains and HPBWs) in an 

omnidirectional PDP. Using the provided antenna 

specifications, NYUSIM finds out the optimal pointing 

angle among all feasible pointing angles in order to achieve 

the directional PDP with the highest received power. The 

distance between the transmitter and the receiver is 42.6m. 

The pass loss index (PLE) is 2.9. This shows that PLE is 
high for LOS.  

 
Fig. 3: omnidirectional power delay profile 
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Fig. 4: Directional PDP with strongest power 

 

 
Fig. 5: PDP over different receive antenna elements 

 

 

Fig. 6: Omnidirectional and Directional Power Delay Profile with LOS case 
 

In figure 5 shows a sequence of PDPs over each 

receive antenna element, with the user specifying the GUI 

for the antenna array type, number of antenna elements, and 

spacing. In figure 6 shows omnidirectional path loss and 

directional path loss values throughout the whole distance 
range, as well as the fitted PLE and shadow fading standard 

deviation using the minimum-mean-square-error (MMSE) 

approach, were obtained from the N (N = 1) continuous 

simulation runs. In the "PathLossPlot," figure "n" stands for 

the pass loss exponent (PLE), "s" for the standard deviation 

of shadow fading, "omni" for omnidirectional, "dir" for 

directional, and "dir-best" for the direction with the greatest 

received power. After first creating the omnidirectional 

PDP, NYUSIM looks for all feasible pointing angles in 

increments of the azimuth and elevation HPBWs of the 

TX/RX antenna supplied by the user on the GUI for 

producing the directional path loss at each RX location. 
Because of the directional pattern of the directional antenna, 

which spatially filters out many multipath components, the 

received power has a higher directional path loss after the 

antenna gain effect is subtracted. This is because the 

received power has fewer multipath components, which 

results in less energy. 
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V. CONCLUSION 
 

This study introduced the NYUSIM open-source 

channel software simulator, which was created using in-

depth studies of broadband propagation at mmWave 

frequencies NYUSIM is outfitted with a GUI that makes the 

simulator more user-friendly. It recreates wideband 

PDPs/CIRs and channel statistics for a variety of carrier 

frequencies, RF bandwidths, antenna beam widths, 

environment situations, and meteorological conditions. In 

this paper the Genie-aided beamforming for mmWave 

system is discussed by defining the connection between 

mmWave MIMO systems and AOAs and AODs. The 
NYUSIM can be used for the analysis of transmitted and 

received data and the Angle of Arrival and Angle of 

Departure can be measured using the NYUSIM. The signal 

can be transmitted in omnidirectional and directional so 

there is some path loss which can be measured. 
 

REFERENCES 
 

[1.] Y. Niu, Y. Li, D. Jin, L. Su, and A. V. Vasilakos, “A 
survey of millimeter wave communications 

(MmWave) for 5G: Opportunities and challenges,” 

Wireless Netw., vol. 21, no. 8, pp. 2657–2676, 2015. 

[2.] Sarvjit Singh, Amit Gupta, J. S. Sohal, “Transmission 

of Audio over LTE Packet Based Wireless Networks 

Using Wavelets” in Wireless Personal 

Communications, 2020. 

[3.] Y. Lin, C. Shen, and Z. Zhong, “Sensor-aided 

predictive beam tracking for mmWave phased array 

antennas,” in Proc. IEEE Globecom Workshops, 

2019, pp. 1–5. 

[4.] Sarvjit Singh, J. S. Sohal, “WAVELETS based 
wireless VOIP and its future scenario” MATEC Web 

of Conferences 57,01013 2016. DOI: 

10.1051/matecomconf/20165701013 2016) . 

[5.] Alkhateeb, O. El Ayach, G. Leus, and R. W. Heath, 

“Hybrid precoding for millimeter wave cellular 

systems with partial channel knowledge,” in Proc. 

IEEE Inf. Theory Appl. Workshop IEEE, 2013, pp. 1–

5. 

[6.] Sarvjit Singh, J. S. Sohal, “Performance Analysis of 

Data Transmission over Wireless VOIP using 

Wavelets” Indian Journal of Science and Technology, 
Vol 10(18), DOI: 10.17485/ijst/2017/v10i18/112805, 

May 2017. 

[7.] Tyagi, P. K., Trivedi, A., & Bhadauria, S. (2019, 

November) “ Hybrid Beamforming Channel 

Estimation With Reduced Phase shifter numbers for 

Massive MIMO Systems” International Conference 

on Electrical, Electronics and Computer Engineering 

2018. 

[8.] M. K. Samimi and T. S. Rappaport, “3-D millimeter-

wave statistical channel model for 5G wireless system 

design,” IEEE Transactions on Microwave Theory 

and Techniques, vol. 64, no. 7, pp. 2207–2225, Jul. 
2016. 

[9.] Sarvjit Singh, J. S. Sohal, “Wavelet Based Image 

Transmission Analysis For Wireless VOIP” 

International Journal on Recent and Innovation 

Trends in Computing and Communication 2017. 

[10.] Om Prakash Roy, Vinod Kumar, “A Survey on Voice 

over Internet Protocol (VoIP) Reliability Research” 

IOP Conf. Series: Materials Science and Engineering 

2020, doi:10.1088/1757-899X/1020/1/012015. 

[11.] Mustafa Noori, Ratna Sahbudin, Mohammed Salah 

Abood and Mustafa Hamdi , “A Performance 

Evaluation of Voice over IP Protocols (SIP and 

H.323) in Wireless Network” 2021. 
[12.] J. Palacios, D. De Donno, and J. Widmer, “Tracking 

mm-Wave channel dynamics: Fast beam training 

strategies under mobility,” in Proc. IEEE Conf. 

Computer Communication, 2017, pp. 1–9. 

[13.] J. Zhao, F. Gao, L. Kuang, Q. Wu, and W. Jia, 

“Channel tracking with flight control system for UAV 

mmWave MIMO communications,” IEEE Commun. 

Letter, vol. 22, no. 6, pp. 1224–1227, Jun. 2018. 

[14.] M. Nikooghadam and H. Amintoosi, “A secure and 

robust elliptic curve cryptography‐based mutual 

authentication scheme for session initiation protocol,” 
Secur. Priv., vol. 3, no. 1, Dec. 2020, doi: 

10.1002/spy2.92 

[15.] S. K. H. Islam, P. Vijayakumar, M. Z. A. Bhuiyan, R. 

Amin, V. Rajeev M., and B. Balusamy, “A Provably 

Secure Three-Factor Session Initiation Protocol for 

Multimedia Big Data Communications,” IEEE 

Internet Things J., vol. 5, no. 5, pp. 3408–3418, Dec. 

2018, doi: 10.1109/JIOT.2017.2739921. 

[16.] S. Payami, N. Mysore Balasubramanya, C. Masouros, 

and M. Sellathurai,(2020) “ Hybrid Beamforming 

with Switches and Phase Shifters over Frequency-

Selective Channels” IEEE Wireless Communications 
2020. DOI 10.1109/LWC.2020.2989224, 

[17.] Han S. “Large scale antenna system with hybrid 

digital and analog beamforming structure” Proc. 

IEEE Int. Conf. Communication Workshop 2019. 

[18.] T. Lin, J. Cong, and Y. Zhu, “Hybrid Beam- forming 

for Millimeter-Wave Systems Using the MMSE 

Criterion” IEEE Transactions on Com- munications, 

2019. 

[19.] Xiong Wang, Linghe Kong, Fanxin Kong, Fudong 

Qiu, Mingyu Xia, Shlomi Arnon,Member and Guihai 

Chen, “Millimeter Wave Communication: A 
Comprehensive Survey” IEEE Comminications 

Surveys and Tutorials 2018 

[20.] Adeeb Salh, Lukman Audah, et.al “Energy-Efficient 

Power Allocation with Hybrid Beamforming for 

Millimetre-Wave 5G Massive MIMO System”. DOI: 

10.1007/s11277-020-07559-w. 

[21.] Tyagi, P. K., Trivedi, A., & Bhadauria, S. (2019, 

November) “Hybrid Beamforming Channel 

Estimation with Reduced Phase shifter numbers for 

Massive MIMO Systems” International Conference 

on Electrical, Electronics and Computer Engineering 

2018. 
[22.] G. R. MacCartney, Jr., T. S. Rappaport, S. Sun, and 

S. Deng, “Indoor office wideband millimeter-wave 

propagation measurements and channel models at 28 

and 73 GHz for ultra-dense 5G wireless networks,” 

IEEE Access, vol. 3, pp. 2388–2424, 2015. 

[23.] “3-D Statistical Indoor Channel Model for 

Millimeter-Wave and Sub-Terahertz Bands,” IEEE 

http://www.ijisrt.com/


Volume 7, Issue 12, December – 2022                 International Journal of Innovative Science and Research Technology                                                 

                                                      ISSN No:-2456-2165 

 
IJISRT22DEC1572                                                               www.ijisrt.com                                                           1807 

2020 Global Communications Conference, pp. 1–7, 

Dec. 2020. 

[24.] M. K. Samimi and T. S. Rappaport, “3-D millimeter-

wave statistical channel model for 5G wireless system 

design,” IEEE Transactions on Microwave Theory 

and Techniques, vol. 64, no. 7, pp. 2207–2225, Jul. 

2016. 

[25.] G. R. MacCartney, Jr., T. S. Rappaport, S. Sun, and 
S. Deng, “Indoor office wideband millimeter-wave 

propagation measurements and channel models at 28 

and 73 GHz for ultra-dense 5G wireless networks,” 

IEEE Access, vol. 3, pp. 2388–2424, 2015. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

http://www.ijisrt.com/

