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EC 7005   Wireless Communication 

Unit I 

                                   Introduction 

Applications and requirements of wireless services: history, types of services, requirements for the 

services, economic and social aspects. Technical challenges in wireless communications: multipath 

propagation, spectrum limitations, limited energy, user mobility, noise and interference limited systems. 

Propagation mechanism: free space loss, reflection, and transmission, diffraction, scattering by rough 

surfaces, wave guiding. 

----------------------------------------------------------------------------------------------------------------------------------------------              

 History 

Wireless communication is the oldest form of communication like shouts and drums did not require any 

wires or cables to function. Wireless communications started only with the work of Maxwell and Hertz, 

who laid the basis for the understanding of the transmission of electromagnetic waves. In 1898, Marconi 

made his well-publicized demonstration of wireless communications from a boat to the Isle of Wight in the 

English Channel. 

 

 Types of Services 

 Broadcast 

The first wireless service was broadcast radio. In this application, information is transmitted to different 

possibly mobile users as shown in figure 1. Properties of broadcast radio  

Figure 1 Principle of broadcast transmission 

1. The information is sent unidirectional, i.e., in one direction only. 

The only broadcast station can send information to the TV or radio 

receivers. The receiver does not transmit any information back to 

the broadcast station. 

2. The information transmitted is same for all receivers. 

3. The information is transmitted continuously. 

4. In many cases like TV or radio, multiple transmitters send the 

same information. 

 Paging  

Similar to broadcast, paging systems are unidirectional wireless communications systems. The following 

properties characterize them: 

 
Figure 2 Principle of broadcast pager 

1. The user can only receive information, but cannot 

transmit.  

2. The information is intended for and received by, 

only a single user.  

3. The amount of transmitted information is very 

small. 

 Cellular Telephony 

Cellular telephony is the economically most important form of wireless communications. The information 

flow is bidirectional. A user can transmit and receive information at the same time. 

 Trunking Radio 

Trunking radio systems are an important variant of cellular phones, where there is no connection between 

the wireless system and the public switched telephone network (PSTN); therefore, it allows the 

communications of closed user groups. Obvious applications include police departments, fire departments, 

taxis, and similar services. The closed user group allows following operations 

1. Group calls  

2. Call priorities 

3. Relay networks 
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 Cordless Telephony 

 
Figure 3 Principle of cordless 

Cordless telephony describes a wireless link between a handset and 

a base station (BS) that is directly connected to the public telephone 

system. The main difference from a cell phone is that the cordless 

telephone is associated with and can communicate with, only a 

single BS as shown in figure 3. There is thus no mobile switching 

center; rather, the BS is directly connected to the PSTN. This has 

several important points: 

1. The BS does not need to have any network functionality.  

2. There is no central system, and there is no need for frequency 

planning. 

3. The fact that the cordless phone is under the control of the user 

also implies a different pricing structure: there are no network 

operators that can charge fees for connections from the MS to the 

BS; rather, the only occurring fees are the fees from the BS into the 

PSTN. 

 Wireless Local Area Networks 

The functionality of Wireless Local Area Networks (WLANs) is very similar to that of cordless phones 

connecting a single mobile user device to a public landline system. A major difference between wireless 

LANs and cordless phones is the required data rate. While cordless phones need to transmit (digitized) 

speech, which requires at most 64 Kbit/s, wireless LANs should be at least as fast as the Internet that they 

are connected.  

 Personal Area Networks  

When the coverage area becomes even smaller than that of WLANs, we speak of Personal Area Networks 

(PANs). Such networks are mostly intended for simple cable replacement duties. For example, devices 

following the Bluetooth standard allow connecting a hands-free headset to a phone without requiring a 

cable; in that case, the distance between the two devices is less than a meter.  

 Fixed Wireless Access 

Fixed wireless access systems can also be considered as a derivative of cordless phones or WLANs, 

essentially replacing a dedicated cable connection between the user and the public landline system. The 

main difference from a cordless system is that (i) there is no mobility of the user devices and (ii) the BS 

almost always serves multiple users.  

 

 Requirements for the Services 

A key to understanding wireless design is to realize that different applications have different requirements 

regarding data rate, range, mobility, energy consumption, and so on. It is not necessary to design a system 

that can sustain gigabit per second data rates over a 100 km range when the user is moving at 500 km/h. 

Following are the requirements of wireless communication 

 Data Rate 

Data rates for wireless services ranges from few bits per second to several gigabits per second, depending 

on the application. 

Type of application Data rate 

Sensor networks 1 Kbit/s 

Speech communications 5 and 64 Kbit/s 

Elementary data services 10 and 100 Kbit/s 

Computer peripherals and similar devices 1Mbit/s 

High-speed data services 0.5 to 100 Mbit/s 

Personal Area Networks 100 Mbit/s 

 Range and Number of Users 

Another distinction among the different networks is the range and the number of users that they serve. By 

range, we mean here the distance between transmitter and receiver. The coverage area of a system can be 
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made almost independent of the range by just combining a larger number of BSs into one big network. 

Type of network Range 

Body Area Networks (BANs) 1meter 

Personal Area Networks 10 meter 

WLANs up to 100 meter 

Cellular systems 10 or even 30 km 

Satellite systems 1,000 km radius 

 
Figure 4 Data rate versus mobility for various applications.  Mobility 

Wireless systems also differ of mobility that they have to allow for the users. The ability to move around 

while communicating is one of the main factors of wireless communication for the user.  

 Energy Consumption 

Energy consumption is a critical aspect of wireless devices. Most wireless devices use (one way or 

rechargeable) batteries, as they should be free of any wires both the ones used for communication and the 

ones providing the power supply. 

• Rechargeable batteries 

• One way batteries 

• Power mains 

 Use of Spectrum  

Spectrum can be assigned on an exclusive basis, or on a shared basis. That determines to a large degree 

the multiple access scheme and the interference resistance that the system has to provide:  

 Spectrum dedicated to service and operator 

 Spectrum allowing multiple operators 

 Spectrum dedicated to a service  

 free spectrum  

 Adaptive spectral usage 

 

 Economic and Social Aspects 

While designing a wireless system, the aim is not only to optimize performance but also it should be at 

reasonable cost. As economic factors impact the design, scientists and engineers have to at least a basic 

understanding of the constraints imposed by marketing and sales divisions. Some points to consider for the 

design are as follows: 

• Use those o po e ts hi h a e less e pe si e ith much functionality. The costs for digital circuits 

decrease much faster with time than those of analog components. 

• Fo  ass-market applications, try to integrate as many components onto one chip as possible. 

• As hu a  la o  is e  e pe si e, a  ircuit that requires human intervention is to be avoided.  

• To increase the efficiency of the development process and production, the same chips should be used in 

as many systems as possible. 
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 Technical Challenges of Wireless Communications 

 Multipath Propagation 

The transmission medium used between transmitter and receiver in wireless communication is a radio 

channel. The transmitted signal propagates to the receiver antenna through many different paths this is 

termed as multipath propagation. Multipath propagation is due to the multiple reflections caused by 

reflectors and scatters in the environment. Possible reflectors and scatters may include mountains, hills, 

and trees in rural environments, buildings. The number of these possible propagation paths is very large. 

Since different versions of the signal propagate through different paths, they will have different attenuation, 

phase shifts, time delays and angles of arrival. These causes inter-symbol interference at receiver. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 Multipath propagation  Fading 

In wireless communications, fading is deviation of 

the attenuation affecting a signal over certain 

propagation media. The fading may vary with time, 

geographical position or radio frequency, and is often 

modeled as a random process. A fading channel is a 

communication channel that experiences fading. In 

wireless systems fading may either be due to 

multipath propagation, referred to as multipath 

induced fading, or due to shadowing from obstacles 

affecting the wave propagation, sometimes referred 

to as shadow fading. The fading phenomenon can be 

broadly classified into two different types: 

1. Large-scale fading  2. Small-scale fading.   
 

Figure 6 Principle of small-scale fading. 

 Spectrum Limitations  

The spectrum available for wireless communications services is limited, and regulated by international 

agreements. For this reason, the spectrum has to be used in a highly efficient manner. Two approaches are 

used: regulated spectrum usage, where a single network operator has control over the usage of the 

spectrum, and unregulated spectrum, where each user can transmit without additional control, as long as 

(s)he complies with certain restrictions on the emission power and bandwidth. In the following, we first 

review the frequency ranges assigned to different communications services. We then discuss the basic 

principle of frequency reuse for both regulated and unregulated access.  

 Limited Energy  

Wireless communications requires not only that the information is sent over the air but also that the 

mobile station is powered by one-way or rechargeable batteries. Otherwise, an MS would be tied to the 

wire of the power supply; batteries in turn impose restrictions on the power consumption of the devices.     

 

 

 

Transmitter Receive

r 

Multipath Propagation 
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 Inter symbol Interference 

 
Figure 7 Inter symbol interference. 

The runtimes for different MPCs are different. This 

can lead to different phases of MPCs, which lead to 

interference in narrowband systems. In a system 

with large bandwidth, and thus good resolution in 

the time domain the major consequence is signal 

dispersion: in other words, the impulse response of 

the channel is not a single delta pulse but rather a 

sequence of pulses (corresponding to different 

MPCs), each of which has a distinct arrival time in 

addition to having a different amplitude and phase. 

This signal dispersion leads to Inter Symbol 

Interference (ISI) at the RX. MPCs with long 

runtimes, carrying information from bit k, and 

MPCs with short runtimes, carrying contributions 

from bit k + 1 arrive at the RX at the same time, and 

interfere with each other.  

 User Mobility  

Mobility is an inherent feature of most wireless systems, and has important consequences for system 

design. If there is an incoming call for a certain MS (user), the network has to know in which cell the user is 

located. The first requirement is that an MS emits a signal at regular intervals, informing nearby BSs that it 

is in the neighborhood.  

 

 Noise Limited Systems 

Wireless systems are required to provide a certain minimum transmission quality. This transmission quality 

in turn requires a minimum Signal to Noise Ratio (SNR) at the receiver (RX). Consider now a situation where 

only a single BS transmits, and a Mobile Station (MS) receives; thus, the performance of the system is 

determined only by the strength of the (useful) signal and the noise. As the MS moves further away from 

the BS, the received signal power decreases, and at a certain distance, the SNR does not achieve the 

required threshold for reliable communications. Therefore, the range of the system is noise limited; 

equivalently, we can call it signal power limited. Depending on the interpretation, it is too much noise or 

too little signal power that leads to bad link quality. 

Let us assume for the moment that the received power decreases with d, the square of the distance 

between BS and MS. More precisely, let the received power PRX be 

PRX  = PTXGRXGTX λ/ d  

Where GRX and GTX are the gains of receive and transmit antennas, respectively, λ is the wavelength, and 

PTX is the transmit power. The noise that disturbs the signal can consist of several components, as follows: 

The noise that disturbs the signal can consist of several components, as follows:  

1. Thermal noise  

2. Man-made noise  

3. Receiver noise  

 Interference Limited Systems 

Interference is a major issue in wireless communication system. It degrades the performance of system. In 

case that the interference is so strong that it completely dominates the performance, so that the noise can 

be neglected. Let a BS cover an area (cell) that is approximately described by a circle with radius R and 

center at the location of the BS. Furthermore, there is an interfering TX at distance D from the desired BS, 

which operates at the same frequency, and with the same transmits power. How large does D have to be in 

order to guarantee satisfactory transmission quality 90% of the time, assuming that the MS is at the cell 

boundary?           

As a first approximation, we treat the interference as Gaussian. This allows us to treat the interference as 

equivalent noise, and the minimum SIR, SIRmin, takes on the same values as SNRmin in the noise limited 

case. 
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Figure 8 Relationship between cell radius and reuse distance.  

One difference between interference and noise lies in the fact that interference suffers from fading, while 

the noise power is typically constant (averaged over a short time interval). For determination of the fading 

margin, we thus have to account for the fact that 

(i) The desired signal is weaker than its median value during 50% of the time 

(ii)The interfering signal is stronger than its median value 50% of the time.  

 

 Free Space Attenuation 

We consider one transmitter and one receiver antenna in free space and derive the received power as a 

function of distance. Energy conservation dictates that the integral of the power density over any closed 

surface surrounding the transmit antenna must be equal to the transmitted power. If the closed surface is 

a sphere of radius d, centered at the transmitter (TX) antenna, and if the TX antenna radiates isotropic ally 

then the power density on the surface is PTX/(4 d2). The receiver (RX) antenna has an effective area ARX. 

We can envision that all power impinging on that area is collected by the RX antenna. Then the received 

power is given by: 

PRX d   = PTX.
d

. ARX 

If the transmit antenna is not isotropic, then the energy density has to be multiplied with the antenna gain 

GTX in the direction of the receive antenna. 

PRX d   = PTX.GTX d
. ARX 

The product of transmit power and gain in the considered direction is also known as Equivalent Isotropic- 

ally Radiated Power (EIRP). 

It can be shown that there is a simple relationship between effective area and antenna gain 

GRX = 
λ

. ARX  

 Reflection and Transmission 

Electromagnetic waves are often reflected at one or more IOs before arriving at the RX. The reflection 

coefficient of the IO, as well as the direction into which this reflection occurs, determines the power that 

arrives at the RX position. Specular reflections type of reflection occurs when waves are incident onto 

smooth, large objects. A related mechanism is the transmission of waves i.e., the penetration of waves into 

and through an IO. Transmission is especially important for wave propagation inside buildings. If the Base 

Station (BS) is either outside the building, or in a different room, then the waves have to penetrate a wall 

in order to get to the RX.  

We now derive the reflection and transmission coefficients of a homogeneous plane wave incident onto a 

dielectric half space. The dielectric material is characterized by its dielectric constant  = 0 r (where 0 is 

the vacuum dielectric constant 8.854x10−12 Farad/m, and r is the relative dielectric constant of the 

material) and conductivity σe. 
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Figure 9 Reflection and transmission. 

 

The dielectric constant and conductivity can be merged into a single parameter, the complex dielectric 

constant: 

=  = -j σe/ f  

Where fc is the carrier frequency and j is the imaginary unit.  

 

 Scattering by Rough Surfaces 

Scattering on rough surfaces is a process that is very important for wireless communications. Scattering 

theory usually assumes roughness to be random. However, in wireless communications it is common to 

also describe deterministic, possibly periodic, structures as rough. For ray tracing predictions roughness 

thus describes all objects that are not included in the used maps and building plans. Two main theories 

have evolved: the Kirchhoff theory and the perturbation theory. 

 
Figure 10 Scattering by a rough surface.  The Kirchhoff Theory 

The Kirchhoff theory is conceptually very simple and requires only a small amount of information namely, 

the probability density function of surface amplitude (height). The theory assumes that height variations 

are so small that different scattering points on the surface do not influence each other in other words, that 

one point of the surface does not cast a shadow onto other points of the surface. This assumption is 

actually not fulfilled very well in wireless communications.  

Assuming that the above condition is actually fulfilled, surface roughness leads to a reduction in power of 

the secularly reflected ray, as radiation is also scattered in other directions. This power reduction can be 

described by an effective reflection coefficient rough. In the case of Gaussian height distribution, this 

reflection factor becomes:   ough = s ooth e p[− k σh sin Ψ ] 

 

Where σh the standard deviation of the height distribution, k0 is the wave number 2 /λ, and ψ is the angle 

of incidence the term 2(k0σh si  Ψ  is also known as Rayleigh roughness.  

 Perturbation Theory 

The perturbation theory generalizes the Kirchhoff theory, using not only the probability density function of 

the surface height but also its spatial correlation function. In other words, it takes into account the 

question how fast does the height vary if we move a certain distance along the surface. 
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Figure 11 Geometry for perturbation theory of rough scattering. 

Mathematically, the spatial correlation function is defined as: 

  σh  W ∆ =E {h h +∆ } 
Whe e  a d ∆  a e t o di e sio al  lo atio  e to s, a d Er is expectation with respect to r. We need 

this information to find whether one point on the surface can cast a shadow onto another point of the 

surface. If extremely fast amplitude variations are allowed, shadowing situations are much more common. 

The above definition enforces spatial statistical stationary i.e., the correlation is independent of the 

absolute location r.  

 

 Diffraction 

Diffraction is the slight bending of light/waves as it passes around the edge of an object. The amount of 

bending depends on the relative size of the wavelength of light to the size of the opening. If the opening is 

much larger than the light's wavelength, the bending will be almost unnoticeable. 

 Diffraction by a Single Screen  

 
Figure  Huygen’s principle. 

The diffraction of a homogeneous plane wave by a semi-infinite 

screen is shown in Figure 12. Diffraction can be understood from 

Hu ge ’s p i iple that ea h poi t of a a e f o t a  e 
considered the source of a wave. For a homogeneous plane 

wave, the superposition of these waves results in another 

homogeneous plane wave, as shown in figure from plane A to B. 

If the screen eliminates parts of the point sources the resulting 

wave front will not plane anymore as shown in the transition 

from plane B to C. Constructive and destructive interferences 

occur in different directions. 

 

 

 Diffraction by Multiple Screens 

In practical diffraction by a single screen is occurs 

rarely, we usually encounter situations where 

multiple IOs are located between TX and RX. Such a 

situation occurs, for propagation over the rooftops of 

an urban environment. This type of situation can be 

well approximated by diffraction by multiple screens 

As shown in Figure 13.   
 

Figure 13 Diffraction by multiple buildings 

 Wave guiding  

A waveguide is an electromagnetic feed line used in wireless communications, broadcasting, and radar 

installations. A waveguide consists of a rectangular or cylindrical metal tube or pipe. The electromagnetic 

field propagates lengthwise. An electromagnetic field can propagate along a waveguide in various ways. 

Two common modes are known as transverse-magnetic (TM) and transverse-electric (TE). In TM mode, the 

magnetic lines of flux are perpendicular to the axis of the waveguide. In TE mode, the electric lines of flux 

are perpendicular to the axis of the waveguide. Either mode can provide low loss and high efficiency as 

long as the interior of the waveguide is kept clean and dry. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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