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 This research presents the improved performance of mobile wireless 
communication channel is based on non-line of sight because the mobile 

propagation channel is very hard to work with direct path between the 
transmitter and mobile receiver because of city-based area has objects such 
as rise building, trees, surround structures, and other objects. The mobile 
wireless spread radio channels have radio propagation mechanisms as a 
reflection, diffraction, and scattering effect on radio signal as lessening,  
and distortion or spread time. The most important thing to make real is that 
the wireless channel is a multipath radio channel. Multipath copies of the 
same signal with distinct amplitudes, stages and delay times for all 
multipaths between the transmitter and the receiver. The multipath fading is 

defined by its impulse response, which includes the facts about the relative 
time of the recipient's arrival of various indices of multipath additives.  
The impulse response expresses great characteristics in the time domain such 
the large bandwidth frequencies and the amplitude output only the value 
impulse response δ(t) equal to one when the value of time t=0, otherwise,  
 the value impulse response δ(t) equal to zero in all values of the time.  
Over a time period reaction, the cellular radio channel could be designed as a 
linear filter with various impulses. 
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1. INTRODUCTION  
The remote correspondence framework mainly conveys and receives voice and data using open-

space electromagnetic waves or air media that are fundamentally free of cables. This Innovation isn't just 

transmitting voice yet in addition information (content, number, picture, and video). Today the general 

population can chat on the cell phones or PDAs are utilized to browse their messages and Web Applications 

in the meantime [1]. It gets the stock codes particularly when the advanced innovation came the security 

turns out to be superior to simple innovation. The traffic isn't just giving up to rivalry to voice traffic yet in 

addition surpassing the voice traffic. The data from sender to the recipient is typically conveyed down over a 

well-characterized frequency band [2]. This frequency otherwise called the data transfer capacity distributed 

for remote correspondence is a standout amongst the most prized items and typically unloaded. The remote 

correspondence isn't one individual. The radio range of frequency is restricted by Government Interchanges 

Commission (FCC) in The US of America dispersed breaking point transmission capacity recurrence for 
remote correspondence applications this implies utmost channel and clients to expand the limit is utilized 

numerous strategies [3-4], for example, different access methods Multiple Access Division (FDMA) is 

assigned bandwidth into sub-bands, everyone is known as a channel. 
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Every client has a special frequency in uplink and downlink. The frequency band is partitioned into 

channels of equivalent transmission capacity with the end goal that every discussion is completed on various 

frequencies [5]. The recipient must have a channel, the channel qualities will be imported figuring out what 

sort of channel data transfer capacities is in effect really utilized. That's going to happen, the situation is 

actually a ton of frequency cover that can happen due to the treepasses on the other band called obstruction. 

Here, the straightforward issue is to assign some space between the frequency portions which are known as 

the guard groups. Guard bands are utilized to restrict crosstalk between channels between adjacent sign 

spectra. The filter must be very sharp such as hardware filters and software filters as in this research paper is 
used software filter as Linear Time-Invariant filter based on impulse response gives output one value 

δ(t)=1when t = 0 otherwise, δ(t)=0. Multiple Access Time Division (TDMA) time slots are specified using 

the distinct time for different users for communicating a unique time slot for each user. TDMA is used to 

access various subbands. The subbands are known as carrier frequencies and are designated as various carrier 

structures for the mobile system using this method. The GSM (Global Mobile Communication System) pan-

European digital system utilizes such a mixture of FDMA and TDMA. The mobile receiver is allocated 

frequency and time slot sequence performs to the physical TDMA channels framework. The portable receiver 

sends an information burst in each slot.  

The period set for a time slot for a mobile receiver and the number of TDMA channels on the 

frequency of a carrier. TDMA frame consisted of one sequence of time slots. Qualcomm has created the 

cellular system based on Code Division Multiple Access (CDMA). Inc. and Telecom Standardization [6-8], 

Industry Association (TIA) as an Interim Standard (IS–95). This promotes the amount of customers 
accessible in 1.25 MHz wide channel using the spectrum of direct sequence spread. The CDMA systems are 

used with the same frequency in each cell, which results in a significant capability enhancement [9]. CDMA's 

fundamental concept is that distinct codes are used to differentiate between distinct users. Direct Sequence 

Spread Spectrum (DS-CDMA), Frequency Hopping or Joint Detection CDMA (JD-CDMA) are typically 

used modulation types. This generates a signal that spreads across a wide bandwidth. For this action, a signal 

called a spreading code can be used. With a set of codes orthogonal to each other, a signal with confirmed 

code can be selected in the present presence of many other signals with distinct orthogonal codes. Indeed,  

a wide range of baseband "signals" with various spreading codes can be modulated onto a similar carrier to 

empower a wide range of clients to be bolstered. The interference between the signals is minimal by using 

various orthogonal codes. 

The cell phone or mobile phone is the contemporary equivalent of Marconi's wireless telegraph, 
providing two-way communication between parties, Personal Communication Service (PCS) license in the 

900/ 1800 MHz band in early 1995 [10]. There are some advantages in wireless systems such as the first is 

freedom from wires, the customer can call anytime and anywhere. The second is flexibility as radio waves go 

through walls, less installation, and cost. On the other side, disadvantages exist like relative lower bandwidth. 

The more users mean each bandwidth get smaller that means the bandwidth is limited in wireless 

communication although increase using more applications. It is also known as the ISM band, it is provided to 

the organization of the medical industry and to experiment on this frequency with a lot of helpful equipment. 

For example, FM radio which has worked around 80MHz-108MHz, the TV broadcast is at 200MHz, the 

GSM phones work at 900 MHz and 1800MHz, the dual-band phones at two frequencies one for uplink (from 

user to transmitter) and another downlink (from the transmitter to user). 

Global Position Systems (GPS) works at 1.2GHz and the Bluetooth the poor of the ultra-wideband 
technology works at 2.4 GHz. This translates to get license for frequency for wireless network payment a lot 

of money for government to get a lot of money by licensing the radio spectrum frequency [11-12].  

The mobile wireless propagation improves on the performance of wireless communication systems take these 

very important points our eyes. 

The first point is security for wireless network via digital codes technology for encryption, 

authentication, privacy, and integrity. A wireless network system requires secure medium access control 

(MAC) protocol, and the basis of predefined addresses (IP Address). Security is requirements of wireless 

systems depend on the amount of investment and the characteristics of applications running on the system. 

The second is Bandwidth limitations emerge from material and energy physical characteristics. Each 

physical transmission medium has a limited bandwidth that determines its voice, information, graphics, and 

video communication effectiveness. Widespread Internet use has boosted government knowledge of the 

bandwidth of telecommunications because customers and Service suppliers are interested in optimizing the 
speed and speed of Internet access on computer screens and the user mobile phones use multimedia 

applications today [13-14]. 

The third is the mobile wireless communication is difficult work with line of sight (LOS) must be 

point to point direction without any obstacles between transmitter and receiver this is impossible 

investigation in mobile environment in urban area has buildings, trees, and other obstacles in the propagation 
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environment. The mobile wireless uses non-line of sight (NLOS) that means, the signal propagates from the 

transmitter to the receiver through various distinct routes owing to barriers and the wireless channel reflectors 

can be called multi-path channels. The multipath is caused by procedures of reflection, diffraction and 

dispersion as shown in Figure 1. 

The fourth is increase power in the cellular system goes to communicate over large distance with 

getting attenuated the receiver sensitivity. The transmitted power must increase carefully for two reasons, one 

the more power is radiating needed equipment efficient hardware to spend more money and other more 

important thing today is the radiation hazard. 

The last is the radio channel model behaves differently in different frequencies that means the 

wavelength ( λ) is also different. The wavelength of transmission effects reflected, obstructed or absorbed or 
diffracted depends on the size of wavelength. The multipath propagation channel is the different paths for the 

same signal will be different amplitude, phase, and arrival time to reach the receiver as mobile station. 

The multipath channel can use software filter via impulse response to select strong path with frequency 

desired when the value of 𝛿(𝑡) = 1when t = 0 otherwise, 𝛿(𝑡) = 0 by transfer function here impulse 

response [15, 16]. 

 

 

 
 

Figure 1. The mobile wireless radio propagation via multipath channel model 

 

 

1.1.   Multipath Channel Impulse Response 

The impulse function is a very brief pulse for evaluating the dynamics of the scheme. A pulse 

function in the real world is a pulse that is much shorter than the system's time response. Using the time-

slicing method called convolution, the impulse response scheme can be used to decide the system output for 

each input. Convolution is widely used to introduce digital filters in signal processing. In the time domain, 

Convolution works the same role as frequency domain multiplication and vice versa. A dynamic system 

impulse input is described differently based on whether the system is discreet or constant. The impulse 

response 𝛿(𝑡) = 1 has output signal when the value of time (t=0), and 𝛿(𝑡) = 0 when the time all values as 
given in (1).  

 

𝛿(𝑡) = {
𝛿(𝑡) = 1                      𝑡 = 0

   𝛿(𝑡) = 0                        𝑡 ≠ 0    
 (1) 

 

The impulse signal 𝛿(𝑡 − 𝜏0) = 1 can be output signal when the value of time ( 𝑡 =  𝜏0),  

and 𝛿(𝑡 − 𝜏0) = 1 when the time all values as given in (2).  
 

(𝑡) = {
𝛿(𝑡 − 𝜏0) = 1                      𝑡 = 𝜏0

   𝛿(𝑡 − 𝜏0) = 0                        𝑡 ≠ 𝜏0    
 (2) 

 

The impulse signal expresses any signal in time domain in digital communication channels has the 

narrower the impulse, the wider the bandwidth of the filter with less effect noise and less consumption power 
[17]. The impulse response is essential to multipath fading channel development and a filter's impulse 

response in the time domain is proportional to the frequency domain filter bandwidth. It is possible to present 

any signal as a total of scaled and delayed impulses such as given in (3). 
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𝑥(𝑡) =  ∑ 𝑥(𝜏𝑘)𝛿(𝑡 − 𝜏𝑘)∞
𝜏𝑘=−∞  (3) 

 

The impulse reaction of the system can characterize a signal handling scheme [16]. The impulse 

reaction is indicated as h(t) as informed in Figure 2. 

 

 

 
 

Figure 2. Signal processing system can be characterized by the impulse response of the system 

 

 

The fundamental problem of signal processing is how to relate a system's input and output signals. 

The convolution uses a system's impulse response. If the input signal is presented as a sum of impulses,  

the system's response to different impulses can be formed separately. The reaction to the input signal can 
then be created as a sum of the various impulses. There are three alternative approaches to a system's impulse 

response, it can be evaluated if the system is a physical system (e.g. communication channel), it can be 

calculated if the mathematical representation of the system is known, and it can be constructed using suitable 

filter design software according to specific applications. A versatile radio channel has appeared as a direct 

channel with a period changing drive reaction, where the time ranges is because of space gathering.  

The impulse response is an extremely helpful channel representation as it can be used to predict and consider 

displaying a few distinctive mobile wireless frameworks and transmission bandwidths for a specific mobile 

channel scenario. The small differences in a portable radio signal could be directly linked to the mobile radio 

channel's impulse response. The impulse response is a broadband representation of the channel and contains 

all important data to reactivate or break down nearly any radio transmission via the channel. The portable 

channel can be modeled with a time-varying impulse response as a linear filter. The multipath channels 

change due to the position of the phone and the multi-path fading is distinguished by the impulse response of 
the channel that contains relative time data, signal power and signal phase [1, 18]. 

 

 

2. RESEARCH METHOD  

A great many people know about various versatile radio correspondence frameworks utilized in 

regular day to day existence. Examples of radio communication systems include garage door openers,  

home entertainment remote controllers, cordless telephones, handheld walkie-talkies, pagers and cell phones. 

However, the costs, complexity, efficiency improvements and kinds of services provided by each of these 

mobile technologies differ widely. The term mobile has historically been used to classify any radio terminal 

that could be moved during operation. More recently, the term mobile is used to describe a radio terminal 

linked to a high-speed mobile platform such as a mobile phone in a fast-moving vehicle, while the term 
mobile describes a hand-held radio terminal that can be used as a walkie-talkie or cordless telephone inside a 

home by someone at walking speed. Multipath on the radio channel increases the impact of small scale.  

For example, the three most significant impacts are fast changes in sign quality over a short range or interim 

period, uneven recurrence equilibrium owing to fluctuating Doppler movements on the distinct multi-path 

flag, and multi-path delays in moment scattering (echoes). Fading occurs in advanced metropolitan areas due 

to the height of the mobile antennas less than the height of the surrounding buildings. There is no direct route 

between the transmitter and the receiver unit, it requires multipath depending on the ground and surrounding 

structures reflections. The incoming radio waves come with various delays in propagation from distinct 

directions [19]. The signal that the phone receives in space at any time can consist of a huge number of plane 

waves that have distributed amplitudes, stages, and entry edges arbitrarily. If items in the radio channel are 

static and motion is regarded solely because of the mobile, blurring at that stage is merely a spatial marvel.  

The collector considers the spatial varieties of the following sign as temporary variants as they travel 
through the multipath domain. Because of the constructive and dangerous effect of multitrack waves 

summing up at different spatial points, a quickly moving reception can pass a few fades in a short time. Due 

to the comparative movement between the portable and base station, each multi-path wave experiences an 

apparent shift frequency. The movement in received signal frequency owing to movement is known as the 

Doppler's movement and is legally linked to mobile movement velocity and direction with regard to the 

movement of the received multipath signal. The proliferation of multipaths that are in the channel due to the 

proximity of reflecting objects and scatterers allows a constantly changing situation that disseminates the 
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vitality of the signal in abundance, phase and moment. The uneven phase and amplitudes of the unique 

multipath components trigger changes in the quality of the signs, in this way a little or both twisting of the 

blurring signal. Multipath spread regularly extends the time required to reach the beneficiary by the baseband 

segment of the sign, which can cause sign spread due to inter-symbol obstruction. With the impulse response 

of the versatile radio channel, the small varieties of a portable radio sign can be legally recognized. The 

impulse response is a depiction of wideband channels and includes all the information needed to recreate or 

break down any sort of channel radio transmission. This arises from the possibility of demonstrating a 

portable radio channel as a straight channel with a period moving impulse response, where the time range is 

due to collector motion in space. The filtering nature of the channel is caused by the summation of the 

amplitudes and delays of different arriving signals at any time. Here, the mobile radio propagation channel 
improves multipath propagation channel with impulse response occurs software filter which is given the 

output signal when the value of time t=0 otherwise, it is not an output signal. The impulse response is linked 

to the bandwidth to differentiate between the required signal and other signals such as noise [20-23].  

 

2.1.   Basics of Radio Propagation 

The antenna can be defined as an electrical conductor or conductor system used for the collection of 

electromagnetic energy or electromagnetic energy. The receiving device transforms electromagnetic radio 

recurrence into electromagnetic vitality and emanates into the extensive condition (environment, space, and 

water) for the transmission of a signal. To receive a signal, electromagnetic vitality that affects the receiving 

apparatus is transformed into electrical energy of radio frequency and nourished into the recipient. In two – 

Way correspondence, a comparable radio wire can be used for transmitting and receiving on a regular basis. 
The transmission route between the transmitter and the receiver can either be easy to see or blocked by 

structures, hills, and folds. This is conceivable considering that any radio wire transfers energy from the 

encompassing position to its input receiving terminals with similar effects from the output transmitter 

terminals to bearings. An antenna signal travels one of three routes, such as surface waves, sky waves and a 

direct trajectory. 

The propagation of the ground wave follows more or less the contour of the earth and can spread 

significant distances over the visual horizon. This impact can be discovered up to about 2 MHz in frequency. 

This frequency range for electromagnetic waves is dispersed through the atmosphere, meaning that they 

cannot penetrate the atmosphere. AM radio is the best known case for ground wave correspondence. Sky 

wave propagation is used for BBC and Voice of America's amateur radio, CB radio and international 

broadcasts. The propagation of the sky wave is expressed as a signal from the floor-the receiving wire is 

reflected from the ionized layer of the withdrawal to earth from the upper atmosphere (ionosphere).  
An enormous amount of kilometers from the transmitter can be captured with this spread mode. The line of 

sight is above 30MHz, the mode of propagation of the ground wave or the sky wave does not work and 

communication must be by line. Refraction occurs because an electromagnetic wave's velocity is an aspect of 

the medium's density through which it travels. In vacuum waves such as light or a radio wave, 

electromagnetic waves travel at approximately3 ∗  108 𝑚/𝑠. Electromagnetic waves travel at speeds slower 
than the speed of light in the air, glass, and other transparent media. The size of antenna depends on 

wavelength (λ) where the frequency increases become the wavelength decrease that performs the size of 

antenna becomes small. The radio wave can be penetrated the wall in buildings, easy generated and work 

properly with safe environment. Due to distinct transmission impairments, the signal acquired with any 

communication system will differ from the signal transmitted. Deterrence and distortion, free space loss, 

noise, atmospheric absorption, and reflection are the most important impairments [24-26]. 

 
2.2.   Basics of Antenna 

A radio wire will emanate power in any way, but usually does not do the same thing in any way.  

A popular way to characterize the output of an antenna is the radiation pattern, which is a graphic 

representation of the radiation properties of an antenna as characteristics of space coordinates.  

A romanticized reception device known as the isotropic radio wire provides the least challenging illustration. 

An isotropic receiving wire is a space point that similarly emanates control every way. The actual radiation 

layout for the isotropic radio wire is a circle with the inside receiving wire. Radiation patterns, however,  

are almost always shown as a two-dimensional cross section of the three-dimensional pattern. The distance 

between the antenna and each phase of the radiation pattern is proportional to the energy radiated from the 

antenna in that direction. The radiation pattern provides a convenient way to determine an antenna 
beamwidth, a common measure of the direction of an antenna [27]. Also known as the half-power 

beamwidth, the beam width is the angle in which the radiated energy of the antennas is at least half of what it 

is in the most preferred direction. The longest part of the pattern shows the best way to get. The Hertz dipole 

antenna and the vertical or Marconi quarter-wave antenna are two of the most basic and simplest antennas. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 18, No. 2, May 2020 :  903 - 916 

908 

The parabolic reflector antenna used in terrestrial microwave and satellite applications is a significant form of 

antenna. The locus of all points equidistant from a fixed line is a parabola. The directionality of an antenna 

can be measured by antenna gain. Antenna gain is described as the energy output of the ideal omnidirectional 

antenna (isotropic antenna) in a specific direction compared to that generated in any direction. An antenna 

gain idea is the efficient region of the antenna [28]. The physical size and shape of the antenna are related to 

the effective area. The antenna gain relationship with an effective area is given by (4). 

 

𝐺 =  
4𝜋𝐴𝑒

𝜆2  (4)  

 

Where antenna gains (G), efficient region (A e), carrier frequency (f), light speed (𝑐 = 3 ∗ 108𝑚/𝑠, and 
carrier wavelength (λ). The free space energy obtained is provided by the free space on Friis is presented (5). 

 

𝑃𝑟 =  
𝑃𝑡 𝐺𝑡 𝐺 𝑟 𝜆2

(4𝜋)2𝐷2𝐿
 (5) 

 

Where transmitted energy (Pt), antenna gain in a transmitter (Gt), antenna gain in a receiver (Gr), wavelength 

( λ) = c / f., distance between transmitter and receiver (d), and route losses (L). The effective isotropic radiate 

power (EIRP) is defined as EIRP=Pt *Gt. The loss of track is the attenuation of the signal as a favorable 

quality is measured by decibel as given by (6). 

 

𝑃𝐿 = −10 log10
𝑃𝑡

𝑃𝑟
=  − log10

𝜆2

(4𝜋𝑑)2  (6) 

 

2.3.   Mechanisms for Mobile Radio Transmission 

The mobile communication system has the three fundamental processes of propagation are 
reflection, diffraction, and dispersion. The buildings behind the spread of electromagnetic waves, however, 

can mostly be ascribed to reflection, diffraction and dispersion. Most cell radio frameworks work in urban 

regions where there is no immediate link between the transmitter and the collector and where the proximity 

of elevated buildings causes serious diffraction misfortune [5]. 

The electromagnetic waves travel along with distinct ways of moving lengths due to countless 

reflections from distinct products. Cooperation between these waves creates multipath blurring in a given 

region, and wave characteristics decrease as a separation between increments of the transmitter and the 

collector. Spread models have usually focused around predicting the ordinary signal quality in certain good 

ways from the transmitter, just like the fluctuation of the sign quality in the immediate spatial vicinity to a 

specific place. Propagation models predicting average signal power for an arbitrary transmitter-receiver  

(T-R) separation range is useful in estimating the radio coverage area of a transmitter as large-scale 
propagation models since they characterize signal authority over large T-R separation ranges (several 

hundred or thousand meters). Again, spreading models depicting the fast variations of the received sign 

quality over brief travel separations (a few wavelengths) or a short time (in the order of seconds) are referred 

to as tiny scale or fading models [29]. The signal strength immediately acquired can fluctuate rapidly as 

mobile moves over very small distances, leading in small-scale fading. Reflection takes place when a 

spreading electromagnetic wave invades an object which, contrasting with the wavelength of the spreading 

wave, has enormous steps. There are reflections from outside the earth and from constructions and divisions. 

Diffraction occurs when a surface with sharp anomalies (edges) hinders the radio route between the receiver 

and the beneficiary. The optional waves resulting from the blocking surface are available throughout the 

room and even behind the snag so that waves can rise to twist around the impediment, despite the fact that 

there is no visible pathway between transmitter and recipient as shown in Figure 3. At high frequencies, 
diffraction, similar to reflection, relies on the geometry of the object just as the sufficiency, stage, and 

polarization of the episode wave for diffraction purposes Dispersing occurs when the wave travel consists of 

articles with measurements that are little contrasted with the wavelength and where the number of 

obstructions per unit volume is enormous. Unpleasant surfaces, small objects or various anomalies in the 

channel create dispersed waves. Foliage, road signs and lamp posts cause dispersion in a mobile 

communication scheme in practice [30, 31]. 
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Figure 3. The propagation mechanism basics are reflection, diffraction and scattering in mobile radio 

propagation channel 

 

 

2.4.   Small Models of Propagation 

Fading of small scale used to depict the rapid vacillation of the sufficiency of a radio sign over a 
short time frame or separation of travel, thus ignoring the enormous loss of path impacts. Fading is caused by 

interference between at least two transmitted sign renditions that touch the basis of the recipient on slightly 

distinct occasions. These waves are called multipath waves, join the receiver radio cable to provide a 

corresponding sign that can vary extensively in abundance and phase, depending on the energy and relative 

distribution time of the waves and the signal bandwidth transmitted [32-33]. The relative movement between 

the base station and the mobile result in an irregular frequency balance owing to distinct Doppler shifts on 

each of the multitrack segments, the Doppler shift will be positive or negative depending on whether the 

mobile receiver moves to or from the base station. If objects in the radio channel are in motion,  

they result in a time-varying shift from Doppler to multi-path components. In the case that the comprehensive 

papers move at a more remarkable pace than the versatile, this effect will overwhelm the small-scale fading 

at that stage. If the transmitted radio signal bandwidth is higher than the multipath channel bandwidth,  

the received signal will be distorted but the received signal strength will not fade much across a local region, 
the channel bandwidth can be quantified by the coherence bandwidth associated with the channel's particular 

multipath structure. The bandwidth of coherence is a percentage of the most severe frequency comparison for 

which sign is still inadequate. On the off chance that when contrasted with the channel, the transmitted sign 

has a limited bandwidth, the sign sufficiency will change rapidly, but the sign will not be misfigured in  

time [34-36]. 

 

2.5.   Impulse Response of Multipath Channel 

Signal propagation between transmitter and receiver can be conceptualized in mobile radio by 

integrating the concept of the mobile radio channel's impulse reaction that causes the signal to filter [17].  

The channel's impulse response should be time-invariant the impulse response of the baseband, h(t) is 

represented as (7).  
 

ℎ(𝑡) =  ∑ 𝛼𝑖 𝑒𝜃𝑖𝛿(𝑡 − 𝜏𝑖)𝑁
𝑖=1  (7) 

 

Where 𝛼𝑖 is Amplitude of voltage of the 𝑖𝑡ℎ Signal arrival, 𝜽𝒊 is the phase shift of the 𝑖𝑡ℎ arriving signal and 

𝜏𝑖 is the time delay of the 𝑖𝑡ℎ arriving signal. The received signal is generally a sequence of delayed,  
phase-shifted, attenuated versions of the signal transmitted. The h(t) parameters can be evaluated directly 

using wideband channel sounding methods. The Impulse response of the versatile radio channel makes it 

possible to legally recognize the small varieties of a portable radio signal. The impulse response is a portrait 

of a wideband channel and includes all the information needed to reactivate or investigate any sort of channel 

radio transmission. This results from the option of showing a portable radio channel as a direct channel with 

a time-shifting impulse response, in which the time range should move the receiver in space [37].  

The filtering nature of the channel is caused by the summation at any time of the amplitudes and delays of the 

multiple. The impulse response is a useful channel depiction for predicting and looking at the exhibition of a 

broad spectrum of mobile wireless frameworks. The output system expresses convolution between the x(t) 

input signal and the h(t) transfer or impulse reaction function as specified by (8) and (9). 
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𝑦(𝑡) =  𝛼0𝑒∅0𝑥(𝑡 − 𝜏0) + 𝛼1𝑒∅1𝑥(𝑡 − 𝜏1) + 𝛼2𝑒∅2𝑥(𝑡 − 𝜏2) + ⋯ + 𝛼𝑘𝑒∅𝑘𝑥(𝑡 − 𝜏𝑘)  (8) 
 

Where (𝑡 − 𝜏0) =  𝐴𝛿(𝑡 − 𝜏0), the direct path is 𝛼0𝑒∅0𝑥(𝑡 − 𝜏0) between transmitter and receiver, the first 

multipath is 𝛼1𝑒∅1𝑥(𝑡 − 𝜏1), the second multipath is 𝛼2𝑒∅2𝑥(𝑡 − 𝜏2), and other number 𝑛𝑡ℎ multipath is 

𝛼𝑘𝑒∅𝑘𝑥(𝑡 − 𝜏𝑘). It is possible to change the x(t) input signal and the h(t) impulse reaction to form (9). 
 

𝑦(𝑡) =  ∑ 𝛼𝑘𝑒∅𝑘𝛿(𝑡 − 𝜏𝑘)𝑁
𝑘=0 = ∑ ℎ(𝜏𝑘)𝛿(𝑡 −  𝜏𝑘)𝑁

𝑘=0 = ℎ(𝑡) ∗  𝛿(𝑡)  (9) 

 

Using convolution, the reaction of an LTI system to an arbitrary input signal can be determined. 

Signals added at the input in an additive scheme generate signals added at the output. The linear time-

invariant channel's impulse response should depend on the position of the receiver due to the distinct multi-
path waves with propagation delays that differ across separate spatial places of the receiver. [38].  

 

 

3. RESULTS AND ANALYSIS  

The mobile wireless communication channel is based on indirect path because the mobile channel of 

propagation is very difficult work with direct path between the transmitter station and cell phone station 

because of urban area has objects and obstacles such as rise building, trees, surround structures, and other 

objects. The mobile wireless propagation radio channels have radio propagation mechanisms as a reflection, 

diffraction, and scattering effect on radio signal as attenuation, and distortion or spread time. The most 

important thing to realize is that the wireless channel is a multipath radio channel, the radio waves the 

emanate, do not use a single route from the transmitter to achieve the receiver routes. In reality, there are 

several routes in the radio channel called multipaths that cause fast fluctuation of the signal amplitude called 
tiny scale fading is a temporary impact and creates destructive interference of two or more versions of the 

transmitted cell signal that arrives at the receiver is slightly distinct times or may be constructive. These paths 

arrival in receiver have different amplitude of the signal, different phase, and different time arrival sum of 

paths with take direction for each other carefully may be constructive or destructive. The multipath copies of 

the same signal for all multipaths between the transmitter and the receiver with different amplitudes, phases, 

and delay times. These will come from different directions, the receiver receives signals from a certain most 

likely this strongest reflected signal and cutoff other frequency for other signals. The multipath fading is 

defined by its impulse response, which involves data on the relative moment of the arrival at the receiver of 

various multipath component signals. The impulse response expresses great characteristics in time domain 

such the large bandwidth frequencies and the amplitude output only the value impulse response δ(t) equal to 

one when the value of time t=0, otherwise, the value impulse response δ(t) equal to zero in all values of time. 
The impulse response can use filter or software filter with cutoff frequency for desired signal.  

By convolution the input signal to the impulse reaction signal which gives output signal when t =0 or t= t0. 

The filter's impulse response can be calculated by taking the inverse discrete Fourier frequency response 

transformation. Convolution can be used to determine the reaction of the Linear Time Invariant (LTI) scheme 

to an arbitrary input signal. A change in the input creates a comparable change in the output in a time 

invariant scheme. This implies that the system's characteristics remain continuous over time. It is possible to 

demonstrate the mobile radio channel as a direct channel with a period shifting impulse reaction. We can 

truly break down a channel at any ideal frequency band. A multipath channel's impulse reaction includes all 

the data needed to boost the channel and evaluate the channel [1, 5, 6, 16, 30, 36-39]. Depending on the 

distance between the transmitter and the receiver, the received energy will combine distinct incoming signals 

with distinct propagation delay moment with constant velocity for moving the mobile receiver as given (10). 

 
t= d/v (10) 

 

Where t is due exclusively to the movement of the receiver in space, d is the receiver moving along the floor 

depending on distance between the sender and receiver radio channel, and v is constant velocity   

In Figure 4 watches the variation times are expanding when the separations between the transmitter 

and the portable beneficiary are expanding. The principal bend (red shading) is spoken to the variation times 

with separations for movement versatile position from the transmitter station with consistent speed for 

portable moves is v=10mk/h, the second curve (green shading) with steady velocity is v=50km/h and the last 

bend (blue shading) with steady velocity is 100km/h. These bends are demonstrated the variation times for 

moving portable when the versatile position builds separations with velocity is steady.  
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Figure 4. The variation of time for moving mobile receiver from the transmitter 

 

 

The impulse response multipath radio spread channel for this framework is given by condition (11).  

 

ℎ(𝑡) = ℎ0 + ℎ1 + ℎ2 + ⋯ + ℎ𝑁 − 1 (11) 

 

Where h is move capacity is relying upon separation between the transmitter and the versatile recipient 

position is given by (12). 

 

ℎ =  
𝜆

𝑑
𝑒𝑗

2𝜋𝑑

𝜆  (12) 

 

Compensation (12) in (11) as shown in (13). 

 

ℎ(𝑡) ==  
𝜆

𝑑1
𝑒𝑗

2𝜋𝑑1

𝜆 +=  
𝜆

𝑑2
𝑒𝑗

2𝜋𝑑2

𝜆 +=  
𝜆

𝑑3
𝑒𝑗

2𝜋𝑑3

𝜆 + ⋯ +=  
𝜆

𝑑𝑁−1
𝑒𝑗

2𝜋𝑑𝑁−1

𝜆  (13) 

 

Where λ is wavelength for this framework has the carrier frequency is f=900MHz and the separation is d 

between the transmitter and the mobile receiver. 
The results depict the features of the time domain impulse reaction used in the multipath radio 

channel. The signal desired can pass and reject other undesired signals via impulse response channel 
bandpass filter as a linear time-invariant filter channel as shown in Figure 5.  

 

 

 
 

Figure 5. The characteristics of impulse response in multipath radio channel 
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The amplitude of the impulse reaction h(t) is reduced by the range for the position of the portable 

receiver. Figure 6 demonstrates frequency response characteristics of impulse response in multi-path radio 

channels in the frequency domain using discrete Fourier shift (DFT), the magnitude of the frequency 

response as the passband channel and the reduction of the signal due to the fading of the channel. 

 

 

 
 

Figure 6. The frequency response characteristics of impulse response in multipath radio channel 

 

 

The phase response characteristics for impulse response characteristics is depending on distance 
multipath radio channel to reach at the mobile receiver in fixed time and the phase signal after discrete 

Fourier transform output as illustrated in Figure 7. 

 

 

 
 

Figure 7. The phase response characteristics of impulse response in multipath radio channel 

 

 

The output scheme is convolution between the x(t) signal and the h(t) transfer function is provided 

the y(t) output as shown in (9). The results are obtained passband signal for desired for multipath components 

decrease amplitude of the signal with delay time arrival multipath at the mobile position. Here, we see in 

Figure 8 illustrates the direct path or line of sight into the mobile receiver is the best path arrival receiver 

when t0 = 0, the first is reflected path or non-line of sight but it has a delay time and the second reflected path 

has the time delay more than the first path as well as the amplitude for the second path less than the first path, 
the same conditions for other multipath channels in time domain. The sum of multipath channels may be 

constructive or destructive with different phases or directions. Intersymbol interference (ISI) is symbols 

arriving a large delay time or late paths interfere with following symbols. Channel fading is symbols arriving 

along with different paths sum up destructively this problem in the wideband channel. The narrow band is 

approximated by a single path channel. 
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Figure 8. The amplitude spectrum characteristics of multipath radio channel pass band filter in time domain 

 

 

The outcomes amplitude of the output signal convolution in frequency response pass band filter the 

output signal amplitude is decreasing in middle because of fading channel or destructive multipath channels. 

The discrete transformation of Fourier receives frequency response for the output signal as presented in 

Figure 9. 

 
 

 
 

Figure 9. The frequency response of the output signal convolution pass band filter in frequency domain 

 

 

The amplitude spectrum of multipath radio channel as baseband filter The time domain is specified 

by (14). 

 

ℎ𝑏(𝑡) =  
1

2
 ℎ(𝑡) (14) 

 

Where ℎ𝑏(𝑡) is impulse response in multipath channel for base band filter as indicated Figure 10 observes 

convolution between signal input and response impulse for base band in time domain, the outcomes are 

gradual decrease paths depending the stronger signal and delay time to arrive the mobile unit. In Figure 11 

shows the frequency response for the output signal via discrtete fourier transform. The amplitude value the 

output signal in pass band filter is larger than the base band signal, the system can convert between each 

other he software filter can be used in multipath radio channel as a bandpass filter and baseband filter based 

on impulse response signal is a linear time-invariant filter is more efficient than hardware filter is difficult 

available components and little sensitivity signal input. 

 

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

9

10

 The period of time (us) of multipath radio channelT
h

e 
am

p
li

tu
d

e 
sp

ec
tr

u
m

 o
f 

m
u

lt
ip

at
h

 r
ad

io
 c

h
an

n
el

 y
(t

)

 The amplitude spectrum characteristics of Multipath radio channel

 

 

The characteristics of Multipath radio channel

The first Path

The Second Path

N th Multipath 

0 10 20 30 40 50 60 70 80 90 100
0

5

10

15

20

25

 The frequency response (MHz)

T
h

e 
a

m
p

li
tu

d
e 

o
f 

th
e 

o
u

tp
u

t 
si

g
n

a
l 

co
n

v
u

lt
io

n
 Y

(F
))  The frequency response characteristics of the output signal convultion Y(F)

 

 

The frequency response characteristics of the output signal convultion Y(F))



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 18, No. 2, May 2020 :  903 - 916 

914 

 
 

Figure 10. The amplitude spectrum characteristics of multipath radio channel base band filter in time domain 

 
 

 
 

Figure 11. The frequency response of the output signal convolution pass b and filter in frequency domain 

 

 

4. CONCLUSION  

A mobile radio channel is shown as a linear filter with a time-changing momentum reaction,  
where the time range is due to the receiver's movement in space. The impulse reaction is a valuable portrayal 

of the channel as it is utilized to anticipate and look at the presentation of a wide range of mobile wireless 

frameworks and transmission data transfer capacities for a specific mobile channel condition. The small 

varieties of a portable radio sign can be legally identified with the impulse response of the portable radio 

channel. The impulse response is a broadband channel representation and contains all important data to 

reproduce or break down a channel radio transmission. The portable channel can be modeled with a time-

varying impulse response as a linear filter. The multipath channels are changing because of the position of 

the mobile and multipath fading is defined by a channel reaction with the relative moment, signal energy and 

signal stage data. Because of the constructive and harmful impact of multitrack waves summing up at distinct 

spatial locations, a rapidly moving collector can spend a few hours in a short time frame This arises from the 

possibility of demonstrating a mobile radio channel as a direct channel with a period fluctuating impulse 

response, where the time range is supposed to move the receiver in space. Mobile radio propagation channel 
improves multipath propagation channel with impulse response occurs software filter. The filter's impulse 

response can be calculated by taking the frequency response's inverse discrete Fourier transformation. 

Convolution can be used to determine the reaction of the Linear Time Invariant (LTI) scheme to an arbitrary 

input signal. The sum of the multipath channels can be constructive or destructive with different phases or 

directions. Intersymbol interference (ISI) is symbols arriving a large delay time or late paths interfere with 
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following symbols. The software filter can be used in multipath radio channel as a bandpass filter and 

baseband filter based on impulse response signal is a linear time-invariant filter is more efficient than 

hardware filter is difficult available components and little sensitivity signal input. 
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