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ABSTRACT:  

In wireless communication, the performance and reliability of signal transmission are significantly influenced by the behavior of fading channels. This paper 

presents a comprehensive taxonomy and analysis of fading channels, encompassing various types and characteristics. We classify fading into small-scale and large-

scale categories, further distinguishing between fast and slow fading. Additionally, we explore specific fading models such as Rayleigh and Rician, which are 

pivotal in understanding signal attenuation and phase shifts in different environments. By systematically categorizing and analyzing these fading phenomena, this 

study aims to provide a deeper understanding of their impact on wireless communication systems, thereby guiding the design and optimization of robust 

communication strategies. 
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Introduction:  

The main problem with radio wave transmission across free space is the large signal strength loss. As waves travel across space, they communicate with 

the layers of the atmosphere in their propagation environment, creating multiple copies of the sent signal that reach at the receiver antenna input with 

different delays, phase shifts, and attenuations [1]. The process of fading occurs when these copies superpose at the user's end, causing the amplitude of 

the signal received to change over time due to transmitter and receiver motion [2]. Many scientific techniques, such as modulation schemes and channel 

models, have been employed to mitigate the effects of fading and improve the performance of transmitted signals as fading has an impact on radio 

communications. The general amplitude of the required signal may also fade if it has numerous wave types or many paths [2].  

An efficient diversity combining strategy is used to counteract this kind of fading by providing multipath, or numerous independent routes, for the received 

signal and optimizing the integration of these paths. In wireless transmission, the Transit Antenna Diversity Technique has been used recently. Diversity 

can take many different forms, one of which is space diversity, which is the result of many antennas placed apart. The transmission of distinct signals at 

various frequencies is known as frequency diversity. Multiple signals can be sent many times during various time slots to provide time diversity. There 

is also polarization variation, where various signals have unique polarization patterns. To lessen fading in radio propagation, a number of distribution 

channels are employed: Rayleigh, Rician, Nakagami, and Additive White Gaussian Noise (AWGN) [3]. 

These channels are modeled and employed based on the specifics of the environment. The Rayleigh channel model is employed, for instance, when there 

isn't a direct line-of-sight (LOS) between the sending and receiving antennas. In urban environments, the Rayleigh channel model performs admirably. 

The Rician model is applied in suburban and intercity settings when there is LOS. The Nakagami model [4] describes the variations in signal intensity 

perceived in an urban situation. These channels have been generated, and the broadband frequency propagation features throughout a large multiuser 

communication system are represented by the average signal power fluctuations level. These channels are depicted, and the broadband frequency 

propagation characteristics throughout a large multiuser communication system are represented by the average signal power fluctuations level.  

Diversity Combining techniques 

To show the variations, the Additive White Gaussian Noise (AWGN) channel is usually utilized. Although there are different approaches for enhancing 

or fortifying system performance in terms of fading, diversity techniques are the most popular one [5]. This method makes use of multiple statistically 

independent copies of the transmitted signals. Combining signals techniques including Selection Combining (SC), Maximum Ratio Combining (MRC), 

Equal Gain Combining (EGC), and Switch and Stay Combining (SSC) are commonly utilized when diversity approaches are implemented[1]. To create 

an infinite future, the telecoms sectors need to combat fading. As the demand for wireless communication increases, higher data speeds and spectrum 

efficiency might prove beneficial. We need more techniques that are efficient with bandwidth. Achieving huge data speeds requires careful selection 

among a variety of multicarrier modulation methods. The multi-carrier transmission technique known as orthogonal frequency division multiplexing, or 

OFDM, is primarily required to boost signal transmission. One could think of OFDM as a modulation method that sends data faster, increasing spectral 

efficiency[6]. By using this method, the spectrum that is accessible is split up into several subcarriers, each of which modulates at a very low symbol rate, 

transmitting data in a single stream and creating a signal that is very resistant to interference. Signals can occasionally weaken to some extent while being 
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transmitted; this phenomenon may be caused by specific noise. These periods of attenuation or signal loss will surely result in some sort of signal 

disruption for the end user. 

According to a study by [7], antenna diversity tends to increase the strength of the received signal and also helps lower the level of signal fluctuation in 

a fading system. These benefits are caused by or directly result from the fact that correctly positioned antennas encounter nearly separate fading channels. 

Antenna variety is a useful feature for both the transmitter and receiver. Receive antenna diversity systems intelligently integrate several received signals 

to offer a higher average receive signal-to-noise ratio (SNR) [8]. Transmit antenna diversity is more difficult to establish because it requires either channel 

independent space-time coding or channel dependent beam shaping [9]. 

Traditional wireless research focused on the situation when antenna diversity was only exploited at the transmitter or receiver. When there are only a few 

antennas available at the transmitting end, beam shaping techniques are used. When multiple antennas are only accessible at the transmitter, beam forming 

methods such as selection diversity transmission (SDT), equal gain transmission (EGT), and maximum ratio transmission (MRT) have been used to take 

benefit of the diversity provided by the multiple-input single-output (MISO) wireless channel. For related single-input multiple-output (SIMO) wireless 

channels, combining strategies like (MRC),  (EGC), and selection diversity combining (SDC) have been used to obtain diversity benefit when several 

antennas are only accessible to the receiver. 

Multiple-input multiple-output (MIMO) channel 

The memoryless case's multiple-input multiple-output (MIMO) channel is a matrix when antenna diversity is applied at both the transmitter and the 

receiver. Both beam forming and receiver combining vectors are still appropriate in MIMO communication channels; yet they must be coupled in order 

to maximize the signal-to-noise ratio (SNR). MIMO maximum ratio transmission and maximum ratio combining, as covered in, provided full diversity 

order [10]. 

Systems with maximum ratio combining and selection diversity transmission were studied and shown to provide full diversity order in [11]. Creating 

these vectors is usually a more challenging procedure that entails an optimization problem that is challenging to address in real-time systems. Equal gain 

transmission has less demanding transmit amplifier needs than maximum ratio transmission since it doesn't require the antenna amplifiers to vary the 

amplitudes of the sent signals. If the strengths are appropriately matched, this feature allows low-cost amplifiers to be used at each antenna. Although 

MIMO communication systems are significant, there hasn't been much talk about applying EGT to them yet. As a function of the beam forming vector, 

the ideal combining vector for the circumstances under discussion can be found; usually, this calls for a nonlinear optimization. One problem that comes 

up during the installation of MISO and MIMO beam forming systems is the demand for complete channel knowledge at the transmitter in order to build 

optimal beam forming vectors. 

In numerous systems, especially frequency division duplexing systems, it is not feasible to obtain all of the channel information at the transmitter. Enabling 

the receiver to generate the beam forming vector and then transmitting it to the transmitter is one possible way to solve this problem [12]. Since it is 

difficult to determine the ideal beam forming vector in beam forming and combining systems, MIMO quantized beam formation represents a significantly 

more difficult problem than MISO systems. There are two types of fading situations that are likely to occur in a communication multiple paths 

environment: small-scale fading and large-scale fading. 

When the signal attenuation brought on by the path profile geometry causes a steady variation in the signal's power, this is known as large-scale fading. 

Conversely, rapid or fast changes in the received signal's phase and amplitude are caused by small-scale fading. Flat fading is the situation in which the 

transmitted channel's bandwidth is smaller than the received signal channel's bandwidth while the received signal's frequency varies proportionally at the 

same time. This study uses the Rayleigh fading model on a non-Line of Sight (LOS) distribution channel [13]. 

Fading Classification 

Fading is a phenomenon in wireless communication where a radio signal's strength and reliability change over time and distance. Numerous elements, 

such as air conditions, multiple paths propagation, and the mobility of objects in the transmission path, can contribute to fading. The efficiency of wireless 

communication systems, especially those that use high-frequency bands, can be significantly impacted by fading[14]. Figure 1 depicts an outline of 

Fading classification. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1: Types of Fading 
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Large Scale Fading  

Large-scale fading and small-scale fading are the two basic types of fading that define the communication channel. broad-scale fading is the term used to 

describe path loss brought on by a signal's impact over broad areas. Signals traversing vast areas are hampered by major topographical features (mountains, 

woodlands) etc. [15]. When there is an obstruction between the transmitter and the receiver, large-scale fading happens. There is a noticeable decrease in 

signal strength due to this kind of interference. This is due to the obstruction casting a shadow over or obstructing the EM wave. It has to do with 

significant signal fluctuations across distance. It is of two types: 

a) Path Loss: Large-scale fading includes path loss, which refers to the reduction in signal power as the distance between the transmitter and 

receiver increases. This loss is typically modeled using a path loss exponent and is influenced by the environment, such as urban or rural 

settings. 

The received signal power level is a few orders of magnitude lower than the broadcast power level due to route loss. Transmission power, 

antenna gains, operating frequency, and the separation between the transmitter and the receiver are some of the variables that affect the 

received power level. Path loss is also stated in decibels (dB), just like any other gain or attenuation. With distance d between transmitter and 

receiver and wavelength 𝜆 It is expressed as follows: 

𝑃𝐿(𝑑𝐵) = 20𝐿𝑜𝑔10(
4𝜋𝑑

𝜆
)        (1) 

b) Shadowing: Large-scale fading also encompasses shadowing (or log-normal fading), which results from obstructions such as buildings, trees, 

or hills blocking the signal path. This causes slow variations in signal strength over larger distances or time periods. This is the signal power 

loss resulting from obstacles in the propagation path. Shadowing effects can reduce signal loss in a number of ways. The most successful one 

is a line-of-sight propagation. Shadowing losses are also influenced by the EM wave's frequency. As is well known, electromagnetic waves 

may pass through a variety of materials, but doing so results in power loss, or signal attenuation. The kind of surface and signal frequency 

determine the losses. Generally speaking, a signal's penetrating power and frequency are inversely correlated. 

Large-scale fading occurs over distances comparable to or larger than the distance between the transmitter and receiver and over longer time intervals 

(seconds to minutes). The changes in signal strength are gradual and happen over larger spatial scales or longer temporal periods. Large-scale fading 

effects are more predictable and can be averaged out over large areas or long durations. It primarily affects the average received signal power, not the 

rapid fluctuations around this average. 

Small Scale Fading 

Rapid changes in received signal intensity over very short distances and brief times are referred to as small scale fading. This describes the variations in 

signal phase and strength across brief time intervals and short distances. Another name for it is Rayleigh Fading. Nearly all  wireless communication 

methods are impacted by small scale fading, which must be overcome in order to boost productivity and reduce mistake. It is also of two types: 

(a) Delay Spread and Multipath Fading: Delay spread is a measure of the time difference between the arrival of the earliest and the latest 

multipath signals at the receiver. It quantifies the extent of multipath spread in time and has significant implications for signal quality and 

communication system performance.  It is of two types: (1) Its key characteristics are as follows: 

 

Excess Delay: The difference in arrival time between the earliest and the latest multipath components is referred to as excess delay. 

RMS Delay Spread: The root mean square (RMS) delay spread is a statistical measure that provides a more precise characterization of delay 

spread by considering the power distribution of the multipath components. 

Coherence Bandwidth: The coherence bandwidth is inversely related to the delay spread. It represents the range of frequencies over which 

the channel response is relatively flat. A large delay spread results in a small coherence bandwidth, indicating more frequency-selective fading. 

 

 

(b) Doppler Spread: Doppler spread is a phenomenon in wireless communication that arises due to the relative motion between the transmitter, 

receiver, and reflecting objects in the environment. It describes the range of frequency shifts induced on the signal components due to this 

relative motion. The Doppler spread quantifies the extent of these frequency shifts and has a significant impact on the signal quality and 

communication performance. This results in a shift in the signal frequency, either increasing or decreasing depending on the direction of 

motion. The change in frequency of a single multipath component due to the relative motion. If the relative velocity is  𝑣 and the carrier 

frequency is 𝑓𝑐 , c is the speed of light, the Doppler shift is given by 

𝑓𝑑 =
𝑣

𝑐
𝑓𝑐          (2) 

The range of frequency shifts encountered by the various multipath components of the signal. It is determined by the maximum Doppler shift 

and reflects the time-variant nature of the channel.  

Flat Fading 

Flat fading, also known as amplitude fading or narrowband fading, is a type of fading where the entire signal bandwidth experiences the same amplitude 

fading due to the channel. In other words, the fading effect is uniform across all frequencies of the transmitted signal, and the signal's spectral shape is 

preserved, though its overall strength may fluctuate. The fading is constant across the entire signal bandwidth, meaning all frequency components of the 

signal are affected equally. The coherence bandwidth of the channel is larger than the signal bandwidth. This ensures that all the frequency components 

of the signal undergo similar fading. Flat fading typically occurs in environments where the delay spread (the difference in arrival times between multipath 
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components) is much smaller than the reciprocal of the signal bandwidth. This kind of fading causes the received signal's frequency components to all 

vary concurrently in the same quantities. Another name for it is non-selective fading. 

Frequency Selective Fading 

Frequency-selective fading, also known as frequency dispersion, occurs when different frequency components of a signal experience varying degrees of 

fading due to the characteristics of the wireless channel. Unlike flat fading, which affects all frequencies uniformly, frequency-selective fading results in 

different frequency components of the signal experiencing different levels of attenuation and phase shifts. It has an impact on many spectral elements 

that make up varying amplitude radio signals. Selective fading, as the name suggests. Different frequency components of the signal experience different 

fading characteristics. This can result in some frequencies being heavily attenuated while others are relatively unaffected. requency-selective fading is 

typically associated with large delay spreads, where the multipath components arrive at the receiver with significant time differences relative to the 

symbol duration. The channel response varies significantly across the signal bandwidth, leading to frequency-selective fading. This is often observed in 

environments with substantial multipath propagation, such as urban areas or indoor environments. 

Fast Fading 

Fast fading is characterized by abrupt changes in signal strength over narrow bandwidths. Fast fading will be seen for all directions of motion when 

signals enter from every direction in the plane. When the channel impulse response quickly shifts during the course of a symbol, it is known as fast fading. 

The receive signal in rapid fading is the total of many signals reflected from different surfaces. Based on the relative phase shift between the signals, this 

signal is the sum or difference of numerous signals that might be constructive or destructive. Phase relationships are influenced by relative path lengths, 

transmission frequency, and motion speed.  The baseband pulse's form is distorted by rapid fading. The result of this linear distortion is ISI. Adaptive 

equalization lowers ISI by eliminating channel-induced linear distortion. his phenomenon occurs due to the constructive and destructive interference of 

multipath components arriving at the receiver with minimal delay differences. Fast fading typically occurs in environments with high mobility or 

significant channel variations, such as vehicular communications or indoor environments with dynamic obstructions. Multiple copies of the transmitted 

signal arrive at the receiver with minimal delay differences, leading to constructive and destructive interference. The coherence time of the channel, which 

represents the time duration over which the channel response remains relatively constant, is short in fast fading scenarios. This implies that the channel 

conditions change rapidly over time. 

Slow Fading 

Slow fading, also known as large-scale fading, refers to the gradual variation of the received signal's amplitude and phase over relatively long time 

intervals. Unlike fast fading, which occurs rapidly on the order of milliseconds, slow fading manifests as changes in signal strength and phase over 

seconds to minutes. Slow fading is primarily caused by factors such as changes in the distance between the transmitter and receiver, obstruction 

movements, and environmental changes. Slow fading is characterized by gradual changes in signal strength and phase, occurring over time scales ranging 

from seconds to minutes. The primary contributor to slow fading is path loss, which results from signal attenuation as it propagates through the wireless 

medium. Path loss is typically proportional to the square of the distance between the transmitter and receiver. Slow fading may also be influenced by 

shadowing effects caused by large obstacles such as buildings or terrain features, which can cause spatial variations in signal strength over relatively large 

areas. 

Table 1: Fading: Effects and Mitigation techniques 

 

Types of Fading  Effect on Signal Mitigation Methods 

   

Delay Spread Inter-Symbol Interference (ISI): multipath 

components of one symbol interfere with 

subsequent symbols, leading to signal 

distortion and errors. 

Techniques such as equalization, rake 

receivers, and orthogonal frequency-division 

multiplexing (OFDM) are employed to 

mitigate ISI. 

Doppler Spread Frequency Dispersion: Doppler spread 

causes frequency dispersion, leading to a 

spread of the signal spectrum. This can cause 

overlapping of signal components and 

degradation of signal quality. 

 

Channel Estimation: Rapid changes in the 

channel due to fast fading require more 

frequent channel estimation and adaptive 

techniques to maintain reliable 

communication. 

 

Diversity Techniques: Using multiple 

antennas (spatial diversity) or multiple 

frequency bands (frequency diversity) to 

combat fading. 

 

Adaptive Modulation and Coding: 

Adjusting the modulation scheme and coding 

rate based on the channel conditions. 

 

Equalization: Techniques such as 

equalization to counteract the time-variant 

nature of the channel. 

 

Rake Receivers: Utilizing rake receivers in 
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CDMA systems to combine multipath 

components constructively. 

Large-Scale Fading Predictability: Large-scale fading effects are 

more predictable and can be averaged out 

over large areas or long durations. 

 

Signal Strength: It primarily affects the 

average received signal power, not the rapid 

fluctuations around this average. 

Power Control: 

• Adaptive Power Control 

• Closed-Loop Power Control 

Antenna Techniques: 

• Directional Antennas 

• Beamforming 

• Antenna Height Adjustment 

Site Selection and Network Planning: 

• Optimal Base Station Placement 

• Cell Splitting 

Relay and Repeater Systems  

Diversity Techniques: Time/Frequency 

/space 

Advanced Modulation and Coding 

Schemes: Adaptive Modulation and Coding 

(AMC)/ Error Correction Codes 

Small-Scale Fading Unpredictability: Small-scale fading effects 

are less predictable and can cause deep fades 

or significant signal variations. 

 

Signal Quality: It affects the instantaneous 

signal quality, causing rapid variations 

around the average power level determined 

by large-scale fading. 

 

Rapid fluctuations in signal amplitude and 

phase due to multipath propagation. 

Diversity Techniques: 

• Spatial Diversity 

• MIMO (Multiple Input Multiple 

Output) 

• Frequency Diversity 

• Time Diversity 

 

Channel Coding and Error Correction 

• Forward Error Correction (FEC) 

• Interleaving 

 

Equalization 

 

• Adaptive Equalization 

• Rake Receiver 

 

Orthogonal Frequency-Division 

Multiplexing (OFDM) 

 

• OFDM 

• Cyclic Prefix 

Spread Spectrum Techniques 

• Direct Sequence Spread Spectrum 

(DSSS) 

• Frequency Hopping Spread 

Spectrum (FHSS) 

Antenna Techniques 

• Beamforming 

• Diversity Combining Techniques 

Flat Fading 

 

Signal Amplitude: The main effect of flat 

fading is the variation in the received signal 

amplitude over time, which can lead to deep 

fades where the signal strength significantly 

Diversity Techniques 

• Spatial Diversity 

• Frequency Diversity 

• Time Diversity 
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drops. 

 

No ISI: Since the signal bandwidth is narrow 

enough, flat fading does not cause inter-

symbol interference (ISI), which is a major 

issue in frequency-selective fading. 

 

Channel Modeling: Flat fading can be 

modeled as a single-tap filter (a complex 

multiplicative factor), simplifying the 

analysis and design of communication 

systems. 

Channel Coding and Error Correction 

• Forward Error Correction (FEC) 

• Interleaving 

Adaptive Techniques 

• Adaptive Modulation and Coding 

(AMC) 

• Power Control 

Equalization 

Since flat fading can be represented as a 

multiplicative factor, a simple equalizer that 

adjusts for the overall gain and phase shift can 

be used to mitigate its effects. 

 

Diversity Combining Techniques: MRC, 

SC, EGC 

Frequency Selective Fading ISI: Frequency-selective fading can cause 

(ISI) since different frequency components of 

the signal experience different delays and 

attenuation. This results in overlapping 

symbols at the receiver, leading to errors in 

data recovery. 

 

Frequency Diversity: While frequency-

selective fading poses challenges such as ISI, 

it also offers opportunities for frequency 

diversity. By transmitting the same signal 

over multiple frequency bands, systems can 

exploit the frequency diversity to improve 

reliability. 

Equalization 

• Linear Equalization 

• Adaptive Equalization 

 

OFDM 

Cyclic Prefix 

Frequency-Domain Equalization 

Performing equalization in the frequency 

domain instead of the time domain. This 

approach leverages the frequency diversity 

inherent in frequency-selective fading to 

improve performance. 

Diversity Techniques: 

Frequency/Space/Time 

 

Adaptive Modulation and Coding (AMC): 

Dynamically adjusting the modulation 

scheme and coding rate based on the real-time 

channel conditions. 

Pilot-Assisted Techniques: 

Inserting known pilot symbols into the 

transmitted signal to estimate the channel 

response at the receiver. 

Fast Fading Signal Instability: Fast fading can cause 

rapid variations in the received signal 

strength, leading to signal dropouts (deep 

fades) and periods of high signal strength 

(peaks). 

 

(ISI): Due to the rapid fluctuations in the 

channel, symbols transmitted closely in time 

may experience overlap at the receiver, 

leading to inter-symbol interference (ISI) and 

degradation in signal quality. 

 

Bit Error Rate (BER) Variation: The rapid 

changes in signal strength and phase can 

result in varying (BER) over time, impacting 

the reliability of data transmission. 

Diversity Techniques: 

Time/Frequency 

Adaptive Techniques: 

• Adaptive Modulation and Coding 

• Adaptive Equalization 

 

Channel Estimation and Prediction 

• Pilot-Assisted Techniques 

• Channel Prediction 

Rake Receiver 

Utilizing a rake receiver in CDMA systems to 

combine multiple copies of the received 

signal arriving via different propagation 

paths. 

 

Slow Fading Signal Attenuation: Slow fading leads to 

gradual variations in signal strength, which 

can result in periods of weak signal reception 

(fades) and subsequent recovery. 

 

System Reliability: While slow fading does 

Diversity Techniques: 

Spatial/Frequency 

Adaptive Techniques: 

• Adaptive Modulation and Coding 

• Adaptive Equalization 

• Adaptive Power Control 
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not typically cause rapid signal fluctuations or 

(ISI) like fast fading, it can still affect the 

overall reliability of communication systems, 

particularly in scenarios with significant path 

loss or shadowing. 

Channel Estimation 

Collecting and transmitting channel state 

information (CSI) from the receiver to the 

transmitter. 

Advanced Antenna Techniques 

Beamforming 

 

CONCLUSION 

Delay spread is a critical parameter in wireless communication that arises from multipath propagation. It quantifies the time dispersion of multipath 

signals and influences the degree of inter-symbol interference and frequency-selective fading. Understanding and mitigating the effects of delay spread 

are essential for the design and optimization of robust wireless communication systems. Techniques such as equalization, OFDM, and advanced receiver 

designs play a vital role in addressing the challenges posed by delay spread. slow fading occurs gradually over longer time intervals and is primarily 

influenced by path loss and shadowing, while fast fading occurs rapidly over short time intervals and is primarily influenced by multipath propagation. 

Each type of fading requires specific mitigation techniques to ensure reliable communication in wireless systems. In essence, while both flat and 

frequency-selective spreading techniques aim to spread the signal to achieve benefits such as increased resistance to interference and improved security, 

frequency-selective spreading offers additional advantages in environments with frequency-selective fading characteristics by adapting the spreading 

process to the varying channel response. Large-Scale Fading primarily influenced by path loss and shadowing, leading to slow variations in signal strength 

over large distances or due to obstacles. Mitigation techniques focus on adjusting antenna parameters and utilizing diversity techniques to improve 

coverage and reliability. Whereas Small-Scale Fading results from multipath propagation, causing rapid fluctuations in signal strength and phase. 

Mitigation techniques involve diversity techniques, equalization, and advanced modulation schemes to combat the effects of fading and maintain reliable 

communication in dynamic propagation environments. 

 

REFERENCES : 

 

[1] D. Mitiae, “An overview and analysis of BER for three diversity techniques in wireless communication systems,” Yugosl. J. Oper. Res., vol. 

25, no. 2, 2016. 

[2] J. G. Proakis and M. Salehi, Digital communications. McGraw-hill, 2008. 

[3] B. Sklar, “Rayleigh fading channels in mobile digital communication systems. I. Characterization,” IEEE Commun. Mag., vol. 35, no. 7, pp. 

90–100, 1997. 

[4] T. M. Cover, Elements of information theory. John Wiley & Sons, 1999. 

[5] G. L. Stüber and G. L. Steuber, Principles of mobile communication, vol. 2. Springer, 2001. 

[6] M. K. Reddy and K. S. Rao, “Excitation modelling using epoch features for statistical parametric speech synthesis,” Comput. Speech Lang., 

vol. 60, p. 101029, 2020. 

[7] J. B. Andersen, “Antenna arrays in mobile communications: gain, diversity, and channel capacity,” IEEE antennas Propag. Mag., vol. 42, no. 

2, pp. 12–16, 2000. 

[8] D. G. Brennan, “Linear diversity combining techniques,” Proc. IRE, vol. 47, no. 6, pp. 1075–1102, 1959. 

[9] V. Tarokh, H. Jafarkhani, and A. R. Calderbank, “Space-time block codes from orthogonal designs,” IEEE Trans. Inf. theory, vol. 45, no. 5, 

pp. 1456–1467, 1999. 

[10] T. K. Y. Lo, “Maximum ratio transmission,” in 1999 IEEE international conference on communications (Cat. No. 99CH36311), 1999, vol. 2, 

pp. 1310–1314. 

[11] S. Thoen, L. Van der Perre, B. Gyselinckx, and M. Engels, “Performance analysis of combined transmit-SC/receive-MRC,” IEEE Trans. 

Commun., vol. 49, no. 1, pp. 5–8, 2001. 

[12] R. W. Heath and A. Paulraj, “A simple scheme for transmit diversity using partial channel feedback,” in Conference Record of Thirty-Second 

Asilomar Conference on Signals, Systems and Computers (Cat. No. 98CH36284), 1998, vol. 2, pp. 1073–1078. 

[13] I. Odesanya, J. Isabona, E. Oghu, and O. R. Omasheye, “Hybrid Empirical and Machine Learning Approach to Efficient Path Loss Predictive 

Modelling: An Overview,” Int. J. Adv. Netw. Appl., vol. 15, no. 03, pp. 5931–5939, 2023. 

[14] A. Modi, “Fading in Wireless Communication.” https://quillbot.com/paraphrasing-tool 

[15] G. Sadeque, S. C. Mohonta, and F. Ali, “Modeling and characterization of different types of fading channel,” Int. J. Sci. Eng. Technol. Res., 

vol. 4, no. 5, pp. 1410–1415, 2015. 

 


