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Abstract 

The emergence of new wireless application and service that requires the 

use of more spectrum resources is evident with the fast growing evolution 

in modern multimedia and broadband-type communication system for 

which the smart phones with exceptional functionalities are an example. 

This has eventually forced experts in the academia and of course the 

industry operators and manufacturers to device a means of adopting 

optimal use of the available but limited spectrum resources. Transmission 

at the millimeter wave range of frequency offers the potentials of 

delivering bandwidth capacity to support the surge. In this research, we 

present the theoretical and practical implications of adopting the 

millimeter wave transmission, the opportunities it offer and its limitations 

using simulations and measurements at the 40GHz frequency range 

propagation channel. RF signal measurements provide important 

information critical in testing the air interface and help operators to fine 

tune prediction tools and validate new propagation models. The empirical 

modelling results that have been presented in this research can be used for 

the design of 40-GHz radio systems for short-range wireless 

communications. 
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Rain attenuation: Rain attenuation is the most significant propagation 

impairment that affects satellite communication link operating at 10 GHz 

and above.  

Link budget: Link budget analysis is actual simple addition and a 

subtraction of gain and losses within an RF link, the results is and 

estimation of end to end system performance in the real world, the 

important of the link budget includes: It ensured a feasible and successful 

implementation of satellite link communication 

Millimetre wave: refer to the radio spectrum between 30 GHz to 300 GHz, 

with wavelength between one to ten millimetres 

Bandwidth: it is the relevance of such high frequency or large that is 

potentially available for transmission 

(SNR): signal-to-noise ratio is defined as the ratio of signal power to the 

noise power, it expressed in decibels, it is used in engineering to compares 

the level of a designed signal to the level of background noise.  

Optical fibre: it is a cables that are regarded as a medium of delivering 

unlimited bandwidth 

MATLAB: is a high-level language whose basic data type is a matrix that 

does not require dimensioning, and there is no compilation and linking as 

is done in high-level languages such as C or FOTRAN, and its solution seem 

to be quicker than those of C and FORTRAN 

GPS: (Global positioning system) device that used to record and save the 

measured data during the measuring events i.e. received power, longitude, 

latitude, number of satellites in view, time and date etc. The graphical 

design tool of MATLAB helps to create GUI 

GUI: GUI (Graphical user interface) to control the spectrum analyser 

Frequency: is the number of occurrences of a repeating event per unit of 

time, its measured units in herz (Hz) 

dB: decibel it is standard used to measure the intensity of sound or the 

power level of an electrical signal by comparing it with a given level on a 

scale. 

GHz:  Giga Herz is the unit of frequency at 109 

MHz:  Mega Herz is the unit of frequency at 106 
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Radio spectrum: is the part of the electromagnet spectrum with 

frequencies from 30Hz to 300Hz that are used in telecommunication to 

prevent interference between different users 

Multipath or signal fading: occurs when waves emitted by the transmitter 

travel along a different path may be completely out of phase when they 

reach the receiver antenna and interfere destructively with waves 

travelling on a direct line-of-sight path, thereby cancelling each other. 

Rician K-Factor: is the ratio of direct LOS power v2 to the scattered power 

𝜎2  
𝐷𝑖𝑟𝑒𝑐𝑡 𝐿𝑂𝑆 𝑝𝑜𝑤𝑒𝑟 (𝑣2) 

𝑆𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 (𝜎2) 
 

Before using this formula the average power (𝑃𝑎𝑣𝑔) and root mean square 

(rms) power (𝑃𝑟𝑚𝑠) can derive from our series of received data. Then 

further derive.                            

 

          𝑣2= ⎸ 𝑃𝑎𝑣𝑔) 2− (𝑃𝑟𝑚𝑠) 2,                  𝜎2= ⎸𝑃𝑎𝑣𝑔− (𝑃𝑎𝑣𝑔) 2− 

(𝑃𝑟𝑚𝑠) 2 

 

 The Rician distribution statistically describes the time varying envelope of 

the received signal. 

 

Introduction 

In the recent past few years the emergence of new wireless application and 
service that requires the use of more spectrum resources is manifest. This 
is evident with the fast growing relevance of the broadband and internet 
services for use in corporate organisations, academic and research 
establishments and individual use of smart phones with exceptional 
capabilities. This has eventually lead to the adoption of such available 
options to optimise the use of the available bandwidth in the legacy 
frequency spectrum as well as migration into new portions of the radio 
spectrum. To a greater theoretical extent the optical fibre cables are 
regarded as a medium of delivering unlimited bandwidth. However, 
deploying the optical is faced with economic realities. One way to 
circumvent the economic and logistic challenges of using the fibre optics is 
the adoption of millimetre wave wireless transmission technology which 
is capable of delivering bandwidth capacity comparable to that provided 
by fibre optics [1]  
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This work intends to provide solid theoretical and practical implications of 
adopting the millimetre wave transmission, the opportunities it offer and 
its limitations. We will also present and analyses the results of millimetre 
wave frequency range propagation channel measurements. A model will 
be developed based on radio propagation in fixed wireless links operating 
at millimetre-wavelengths. Analytical modelling tool developed in 
MATLAB 2015a platform will be used. This optimises the system design 
with respect to system constraints such as antenna parameters and link 
performance by accounting for the impairments prevalent in the 
introduced by the wireless channel. Finally comparison of simulations and 
measurement is conducted to analyse the performance, main parameters, 
particularly received signal strength.  
Millimetre wave refer to the radio spectrum between 30 GHz to 300 GHz, 
with wavelength between one to ten millimetres. However, in the context 
of wireless communication, the term generally corresponds to a few bands 
of spectrum near 38, 60 and 94 GHz. This research is limited to the 
measurements and analysis of radio wave propagation at 40 GHz. The 
relevance of such high frequency is the large bandwidth that is potentially 
available for transmission. Communication data transfer rates depends on 
the bandwidth and the signal-to-noise ratio (SNR). 
This research project is to expose the many opportunities offered by the 
millimetre wave range as well as its limitations. It is well known that radio 
signals propagating through the atmosphere are impaired resulting in 
decrease in power intensity, and this is dependent on the length of the link. 
Furthermore, rain attenuation is one of the major issues of concern on this 
type of link. 
 
Features of Millimetre-Wave Systems 
The measurements reported in [3] demonstrated reliable wide-band 
transmission at 35 GHz can be expected to be supported by the 
propagation medium for paths up to 8 km in length. The limiting factor was 
found to be attenuation caused by rainfall which had a mean value of 0.38 
(dB/km) / (mm/h) of rainfall for this path length. A rainfall rate of 12.5 
mm/h occurs 0.14 percent per year. The excess attenuation over free 
space, for the 8-km path, was then 38 dB for a reliability of 99.86 percent 
of the year. Based on uniform excess attenuation rate independent of path 
length, for the same precipitation rate the excess attenuation at 35 GHz for 
a 12-km path would be 58 dB; this shows an increase of 20-dB excess 
attenuation for a 50-percent increase in path length. The free-space loss 
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would also increase, but by only 3.5 dB. Accordingly, the excess attenuation 
is the more critical for system design; a small change in the exponential 
excess attenuation rate can cause large changes in total excess attenuation. 
Regarding scintillation fading and correlation bandwidth, the received 
signal was essentially free from fast deep fading except for two instances 
observed on the 32-km path over 6 months of observation. The signal 
amplitude variation gave correlation bandwidths of 6 GHz or greater on all 
the tests on the 8-km path, and for a t least 99.9 percent of the cases on the 
32-km path. Such bandwidth corresponds to multipath delays of 2X 
seconds. This is in part to high antenna heights (100-270 feet) and narrow-
beam antennas of 0.5” half- power width, thus avoiding ground reflection 
and possible internal partial reflection from modest ducting. (Fresnel zone 
radius at path midpoint was 4.1 or 8.3 meters for the 8-or 32-km paths, 
respectively. The 0.5” half-power beam-widths gave beam instructions of 
17 and 69 meters above and below beam bore-sight, for both paths, 
respectively). Narrower beams could be used if such bandwidths are 
required, but antenna alignment would be the more difficult and effects of 
beam bending under abnormal refraction conditions would be the more 
severe. For 500- MHz bandwidths, broader antenna beams could be used 
with consequent increases in system transmission loss, and more care 
would be required in antenna sitting. The 50 Mbps data transmission tests 
gave useful results for determining the required signal-to-noise ratio for a 
given bit error rate. The results tended to corroborate the inherent wide 
bandwidths achievable in millimetre-wave propagation for systems to be 
employed on paths of modest 1ength. It would be useful to observe the 
potential advantage of diversity (height or angle) in improving the error 
rate for a given signal-to-noise ratio because of the sensitive indication of 
a weak scatter component in the propagated signal. The test results 
provided a quantitative basis to predict performance of millimetre-wave 
systems, although further effort is indicated to determine spatial 
distribution of non-uniform rainfall and consequent investigations of path 
or route diversity [3]. 
 
Multipath and Fade Margin  
Multipath or signal fading occurs when waves emitted by the transmitter 
travel along a different path may be completely out of phase when they 
reach the receiver antenna and interfere destructively with waves 
travelling on a direct line-of-sight path, thereby cancelling each other. 
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Figure 1: Signals experiencing fading during transmission 
 
The constantly varying multipath remains always present especially in an 
indoor environment. Since signal cancellation is almost never complete, 
one method of overcoming this problem is to transmit more power. 
Multipath causes the fading which can results in a signal reduction of more 
than 30dB. When designing a wireless system, it is therefore essential to 
provide adequate link or fade margin to overcome this loss and as well as 
rain attenuation. The exact amount of RF power propagated to overcome 
these losses is referred as fade margin. The amount of extra fade margin 
required depends on the desired reliability of the system [10]. 
 
Research Motivation 
Research and development activities regarding channel characterisation 
using propagation measurements at millimetre waves range, prediction 
and modelling have been receiving great attention in the academia and the 
wireless communications industry. The main scope of this work is to 
design and implementation of the analytical and numerical modelling tools 
for practical field measurements and link budget calculations using 
MATLAB® 2015a platforms. The real measurement data will be comparing 
with extensive simulations and empirical models. 
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Aim and Objectives 
The aim of this research is to model and characterise a millimetre wave 
radio signal propagation using real channel measurement data at 40-GHz 
frequency. This can be achieved through the following objectives  
1. Deployment of point-to-point and point-to-multi-point fixed wireless 

networks  
2. Outdoor environment measurements for continuous -route and 

direction-of-arrival (DOA) measurements  
3. Investigate interdependencies of different characteristics of multipath 

channels  
4. Define the parameters of the main physical specifications of the 

propagation mechanisms which at includes incorporate scatter from 
building and ground surfaces, both non-uniformly illuminated by a 
directive transmitting horn antenna.  

5. Use of MATLAB® 2015a analytical and numerical modelling tools.  
6. Analysis of optimised antenna systems for millimetre wave 

transmission  
7. Compare the simulations with the measurements and analyse the 

performance, main parameters, particularly received signal strength.  

Methodology 
The materials and methods used in this research included the using 
millimetre wave transmitter and receiver and GPS equipment for the 
outdoor measurement campaign. The MATLAB and FEKO platforms has 
also been used in developing and integrating the measurement equipment 
in real time to the spectrum analyser units. Secondary Information for this 
research was obtained from online sources on the university  database 
which includes peer reviewed papers, online journals, web sites, book 
sections, books and related journals from IEEE Explore, Science Direct, etc. 
 
INTERFACE DESIGN AND IMPLEMENTATION  
Overview of Matlab® 
MATLAB® is a high-level language whose basic data type is a matrix that 
does not require dimensioning, and there is no compilation and linking as 
is done in high-level languages such as C or FOTRAN, and its solution seem 
to be quicker than those of C and FORTRAN. All computations are 
performed in a complex-valued double precision arithmetic to guarantee 
high accuracy. MATLAB® has a rich set of plotting capabilities and its 
functional capabilities can be extended by writing new modules. Over the 
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years, MATLAB® evolved creating an extended library of specialized built-
in functions that are used to generate among other things two-dimensional 
(2-D) and 3-D graphics and animations and offers numerous supplemental 
packages called toolboxes that provide additional software power in 
special areas of interest such as Curve fitting, Optimization, Signal 
processing, Image processing, Neural network design, Filter design, 
Control Systems and Statistics, to mention but a few [13]. 
 
Instrument Control Toolbox 
Instrument Control Toolbox™ lets us connect MATLAB directly to 
instruments such as oscilloscopes, function generators, signal analysers, 
power supplies, and analytical instruments. In this project, instrument 
control toolbox has been used to develop a GUI (Graphical user interface) 
to control the spectrum analyser and GPS (Global positioning system) 
device, not only this but to record and save the measured data during our 
measuring events i.e. received power, longitude, latitude, number of 
satellites in view, time and date etc. The graphical design tool of MATLAB 
helps to create GUI [14]. 
 
Gpib and Power Measurement Interface 
This section, the MATLAB code using GUI for controlling the spectrum 
analyser and GPS through the general purpose interface bus (GPIB) is 
discussed. When we run our interface the very first thing is to select the 
spectrum analyser we are using i.e ADVANTEST R3263 or HP8590A, 
because this code has been developed for two spectrum analysers. 
Secondly, enter the centre frequency at which we are doing our 
measurements, for my case it is 40000 MHz then enter the span frequency 
and number of samples to be taken. The next thing is to ensure that GPS is 
connected to the laptop through a USB port; select the USB port number 
the one which is connected to GPS in the GPS panel and press connect 
button. As we press connect button it shows the GPS quality, longitude, 
latitude, altitude and satellites in view at that particular location. Finally, 
we press the measure button to start the interface to take the received 
power samples and visualise them into the display of the interface. The 
display shows the running graph of numbers of samples with their 
corresponding received power in dBm. Below the display in status panel 
we can see the current sample number with its correspond power. After 
finishing of all samples it is very important to save all the data for further 
implementation. Figure 2 shows the GPIB interface.   



SSAAR (JPAS); Journal of               September, 2020 
Pure and Applied Science 

 

 

169 | P a g e  

 

 

Editions 

 
Figure 2: General Purpose Interface Bus PIB interface 

  

Power Link Budget Interface  

The power link budget is used to predict the received power and distance 

from the transmitter with a particular level of power, means how far we 

can go from transmitter while maintaining the minimum level of received 

power. The interface in figure 9 shows the distance, received power, 

required receiver height to get lone-of-sight and Rician K-factor. 

 

Range Derivation 

Formula used in the code to find out the distance from the transmitter is 

[11] 

Distance (km) =10^
(PT+GT+GR+LNA−LM−20log10(fMHz)−32.45−PR

20
) 

Where:  

PR = Received power (dBm)  

PT = Transmitter output power (dBm)  

GT = Transmitter antenna gain (dBi)  

FMHz = frequency (MHz)  

LNA = Low noise amplifier (dB)  

LM = Miscellaneous losses (dB)  

GR = Receiver antenna gain (dBi) 
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RECEIVED SIGNAL POWER DERIVATION  

Formula used in the code to find out received power is [11] 

𝑃𝑅𝑋=𝑃𝑇𝑋+𝐺𝑇𝑋+𝐺𝑅𝑋+𝐿𝑁𝐴−𝐿𝑀−20𝑙𝑜𝑔10(𝑓𝑀𝐻𝑧)−20𝑙𝑜𝑔10(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑘𝑚)−32.45 

 
Figure 3: Power link budget interface 

 

The distance and received power calculations using link budget interface 

is shown below in table 1, where the input factors are according to 

practically measured values of equipment as well as declared by 

manufacturer. 

PT = Transmitter output power = 22 dBm  

GT = Transmitter antenna gain = 20dBi  

GR = Receiver antenna gain = 20 dBi  

fMHz = frequency = 40GHz  

LNA = Low noise amplifier = 44 dB  

Cable loss = 5 dB  

Mixer loss = 10 dB  

Attenuation = 2dB 

  

Table 1 Distance and received power 

Distance (meter) Received power (dBm)  
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200 -21.51  

300 -25.03  

400 -27.53  

500 -29.47  

600 -31.05  

700 -32.39  

 

RICIAN K-Factor  

In many line-of-sight radio wave propagation environments, the Rician 

distribution statistically describes the time varying envelope of the 

received signal. This section describes a simple and fast approach to find 

out Rician K-factor. It is an exact function of moments estimated from time-

series of received data. The complex path signal at any frequency in LOS 

radio propagation environments consists of a fixed component plus a zero-

mean fluctuating component. Often the fluctuation is complex Gaussian; 

the time varying envelope of the composite signal will have a Rician 

distribution. The time variation caused by wind-blown, vehicular motion 

and random process etc. The defining parameter of this distribution is the 

K-factor, which is the power ratio of the fixed and fluctuating components. 

The details have been described in [15]. 

The simple formula for Rician K-factor is 

                                                                   
𝐷𝑖𝑟𝑒𝑐𝑡 𝐿𝑂𝑆 𝑝𝑜𝑤𝑒𝑟 (𝑣2) 

𝑆𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 (𝜎2) 
 

Before using this formula the average power (𝑃𝑎𝑣𝑔) and root mean square 

(rms) power (𝑃𝑟𝑚𝑠) can derive from our series of received data. Then 

further derive 

                                 𝑣2= ⎸ 𝑃𝑎𝑣𝑔) 2− (𝑃𝑟𝑚𝑠) 2 

 

                            𝜎2= ⎸𝑃𝑎𝑣𝑔− (𝑃𝑎𝑣𝑔) 2− (𝑃𝑟𝑚𝑠) 2 

 

The performance of the link will be good if K-factor is high. The code using 

these formulas to find out the Rician K-factor is shown in Appendix-3. 

Figure 9 shows the interface but before calculating using this interface we 
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will have to save our .mat file in the same Matlab folder and then mention 

the file name inside the interface code to find out K-factor.  

Further related measurements were already conducted in [16] at 40GHz to 

find out the performance of a NLOS link in comparison to an equivalent LOS 

link. Links were successfully modelled using Rician distribution and found 

a dominant signal in both links but the variations in signal of NLOS were 

very large. However high antenna gain can increase desired Rician K-factor 

and reduce variations but acceptability depends on designer and relative 

channel performances. In my opinion, there is no need to increase gain if 

received signal levels are adequate for specified cell coverage. 

 

RESULTS AND DISCUSSIONS 

Procedure and Setup  

This section describes the requirements and selection of the site which is 

suitable for the 40GHz measurements with its procedure and setup in 

detail. The site for the outdoor measurements at 40 GHz, using three radio 

links at different distances. There are three different receiver locations and 

one fixed transmitter location. Utilising these locations, it was possible to 

produce multipath fading effect. Along the LOS path, there were a number 

of industrial buildings that were widely diverse both in their shape and 

footprints. The receiver was placed at approximately 3.5 m above the 

ground, whereas the transmitters were placed on top of a mast. The height 

of the transmitting antenna was 14 m above the ground level, with 

transmitter –receiver distance separations of 188, 346 and 627 m for the 

desired Rx1, Rx2 and Rx3 links, respectively. 

All the measurement equipment were arranged and connected according 

to the following procedure. The transmitter to the 15 volt DC power supply 

and switch it on. Secondly connect the receiver to the 15 volt DC power 

supply and switch it on. Make sure that the receiving and transmitting 

antenna is 20dBi horn antenna. Connect the spectrum analyser to receiver 

and laptop through RF cable and GPIB cable respectively, switch on 

spectrum analyser and receiver. Then connect the GPS device to the laptop 

and place the GPS antenna in direct sky view position, run GPIB interface 

to control the spectrum analyser. Enter the blank fields required for 40 GHz 
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measurements as discussed in detail in earlier in this report. The setup 

used in this project with its block diagram is shown in figure 4. 

 

 
Figure 4: Block diagram of setup for measurement at 40 GHz 

 

Analysis and Evaluation  

The employment of stochastic model incorporating statistical channel 

parameters, such as average signal strength and Rician K-factor, are 

extracted from the measured data and compared with model predictions. 

The plots of every parameter with their effects on others have been 

presented in this section. 

Analysis of Received Power  

In order to process the received power from the complex set of data, 

MATLAB code has been written. The main parts of the code are discussed 

in this section with the analysis and evaluation of their results. The 

received signal power plot with the measured samples is shown in figure 

5. This plot represents the variations and fluctuations in signal strength 

measured at different distances. The signal power at 188 m distance from 

the transmitter is very stable on the other hand the power level is 

fluctuating between -55 dBm to -73dBm at 627 m distance. As the distance 

increases, the effect of multipath and fading disturb the stability and 

smoothness of the received signal, whereas at shorter distances like 188 

and 346 m this effect does not affect the reception. 
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Figure5: Variation of received signal power with measured samples 

 
Average Signal Power  

In our field measurements, the distribution functions were obtained from 

the samples of the received signal, using 700 samples of signal power 

recorded per measurement run for every new distance and location. To 

represent the received power variation with respect to distance, average 

or mean of signal power has been extracted and shown in figure 6. The 

average power level for 188 m is -27 dBm after that it falls gradually up to 

-30 dBm. As we increase the distance further up to 650 m the received 

signal power goes down very fast and it stops at its minimum level -61 

dBm. So the transmission losses are the main reason in reducing the signal 

power which increase with the distance, but note that these losses are not 

directly proportional with distance. 



SSAAR (JPAS); Journal of               September, 2020 
Pure and Applied Science 

 

 

175 | P a g e  

 

 

Editions 

 
Figure 6: Effect of distance on received signal power 

 

Measured Versus Theoretical Signal Power  

The theoretical received power measured before the actual field 

measurements to make sure that our signal level during experiments does 

not hit the noise floor at different distances. The plot for comparing the two 

powers recorded practically and theoretically is shown in figure 7, 

difference between these two is because of other losses which cannot 

consider in accounting correctly i.e. random noise, interference and other 

losses except free space loss. 
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Figure 7: Theoretical and measured received signal variation with distance 

 

Rician K-Factor and Received Signal Power  

The model of Rician fading has a strong dominant component that is the 

line-of-sight wave, except this it is similar to Rayleigh fading. Rician models 

also consider that the dominant wave can be a phasor sum of two or more 

signals, e.g. the line-of-sight, plus a ground reflection because the antenna 

receives a large number of reflected and scattered waves. This combined 

signal is then mostly treated as a deterministic (fully predictable) process, 

and that the dominant wave can also be subject to shadow attenuation.  

The Rician K-factor is defined as the ratio of received signal power in 

dominant component over the (local-mean) scattered power. In the 

comparison for the received signal as shown in figure 8, the measured 

power is in the line-of-sight falls roughly 7.5 dBm per 100 m. However, in 

starting lower decreasing rate has been found on the other hand Rician K-

factor decreases approx. 2.5 dB per 100 meter distance from transmitter. 
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Figure 8: Received signal power and Rician K-factor variation with distance 
 

Conclusion  
This report has presented the results of 40-GHz frequency range 
propagation channel measurements. A model based on electromagnetic 
propagation in fixed wireless links operating at millimetre-wavelengths 
has successfully presented. The measurements campaigns performed in 
various outdoor environments for line-of-sight LOS measurements, except 
for some equipment problems at the start, the project got up to a proper 
speed in a short time. In order to inspect and analyse the measured 
statistical parameters of the propagation channel, such as the average 
signal strength and Rician K-factor are compared with model predictions 
and theoretical Sdistribution curves. It has been shown that the fading 
characteristics of the model can be described properly by Rician 
distribution. Hence determination of signal power loss due to transmission 
becomes valuable in assessing the performance of point-to-point and 
point-to-multipoint millimetre wave radio channel in a particular area. It 
has been investigated that slight discrepancy between interdependencies 
of theoretically derived characteristics of channel and measured ones is 
due to trivial imperfection in prediction of environmental losses. Evidence 
of consistency is shown in curve trends for the link parameters.  
The theoretical predictions models perform better if there is no other loss 
except FSL during radio path but it is not possible all the time in 
environment. That is why most link budget calculators are often empirical 
and suffer from limited accuracy. RF signal measurements provide 
important information and are critical in testing the air interface and these 
measurements help operators to fine tune their prediction tools or 
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sometimes even to validate to new propagation models. The empirical 
modelling results that have been presented in this project can be used for 
the design of 40-GHz radio systems for short-range wireless 
communications. 
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