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Subject Name: Mobile Computing(Elective-V)         Subject Code: EC8003 

Unit-I 
Antenna , radiation pattern, antenna types, antenna gain, propagation modes, types of fading. Model for wireless 

digital communication, multiple access technique-SDMA,TDMA, FDMA, CDMA, DAMA, PRMA, MAC/CA, Cellular 

network organization, operations of cellular system, mobile radio propagation effects, , handoff, power control, 

sectorization, traffic engineering, Infinite sources, lost calls cleared, grade of service, poison arrival process. 

  
1.Radiation Pattern 

In the field of antenna design the term radiation pattern (or antenna pattern or far-field pattern) refers to 

the directional (angular) dependence of the strength of the radio waves from the antenna or other source. 

Particularly in the fields of fiber optics, lasers, and integrated optics, the term radiation pattern may also be used 

as a synonym for the near-field pattern or Fresnel pattern. This refers to the positional dependence of 

the electromagnetic field in the near-field, or Fresnel region of the source. The near-field pattern is most 

commonly defined over a plane placed in front of the source, or over a cylindrical or spherical surface enclosing it.  

The far-field pattern of an antenna may be determined experimentally at an antenna range, or alternatively, the 

near-field pattern may be found using a near-field scanner, and the radiation pattern deduced from it by 

computation.  The far field radiation pattern may be represented graphically as a plot of one of a number of 

related variables, including; the field strength at a constant (large) radius (an amplitude pattern or field pattern), 

the power per unit solid angle (power pattern) and the directive gain. Very often, only the relative amplitude is 

plotted, normalized either to the amplitude on the antenna bore sight, or to the total radiated power. The plotted 

quantity may be shown on a linear scale, or in dB. The plot is typically represented as a three-dimensional graph 

(as at right), or as separate graphs in the vertical plane and horizontal plane. This is often known as a polar 

diagram. 

2.Properties of Antenna 

The various properties of Antennas are : 

 Antenna Gain 

 Aperture 

 Directivity and bandwidth 

 Polarization 

 Effective length 

 Polar diagram 

Antenna Gain: The pa a ete  that easu es the deg ee of di e ti it  of a te a’s adial patte  is known as gain. 

An antenna with a higher gain is more effective in its radiation pattern. Antennas are designed in such a way that 

power raises in wanted direction and decreases in unwanted directions. 

 

G =   (power radiated by an antenna)/(power radiated by reference antenna)   

 

Aperture: This aperture is also known as the effective aperture of the antenna that actively participate in 

transmission and reception of electromagnetic waves. The power received by the antenna gets associated with 

collective area. This collected area of an antenna is known as effective aperture. 

 

Directivity and Bandwidth: The directive of an antenna is defined as the measure of concentrated power radiation 

in a particular direction. It may be considered as the capability of an antenna to direct radiated power in a given 

direction. It can also be noted as the ratio of the radiation intensity in a given direction to the average radiation 
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intensity. Bandwidth is one of the desired parameters to choose an antenna. It can be defined as the range of 

frequencies over which an antenna can properly radiates energy and receives energy. 

 

Polarization: An electromagnetic wave launched from an antenna may be polarized vertically and horizontally. If 

the wave gets polarized in the vertical direction, then the E vector is vertical and it requires a vertical antenna. If 

vector E is in horizontal way, it needs a horizontal antenna to launch it. Sometimes, circular polarization is used, it 

is a combination of both horizontal and vertical ways. 

 

Effective Length: The effective length is the parameter of antennas that characterizes the efficiency of the 

antennas in transmitting and receiving electromagnetic waves. Effective length can be defined for both 

transmitting and receiving antennas. The ratio of EMF at the receiver input to the intensity of the electric field 

o u ed o  the a te a is k o  as e ei e s’ effe ti e le gth. The effe ti e le gth of the t a s itte  a  e 
defined as the length of the free space in conductor, and current distribution across its length generates same field 

intensity in any direction of radiation. 

Effective Length = (Area under non-uniform current distribution)/(Area under uniform current distribution) 

 

Polar diagram: The most significant property of an antenna is its radiation pattern or polar diagram. In case of a 

transmitting antenna, this is a plot that discusses about the strength of the power field radiated by the antenna in 

various angular directions as shown in the plot below. A plot can also be obtained for both vertical and horizontal 

planes – and, it is also named as vertical and horizontal patterns, respectively. 

 

3. Types of Antenna  

The various types of Antenna used in communication system are: 

Log Periodic Antennas :-  

a)Bow Tie Antennas b) Log-Periodic Dipole Array 

Wire Antennas :-  

a)Short Dipole Antenna b)Dipole Antenna c)Monopole Antenna  d)Loop Antenna 

Travelling Wave Antennas:- 

a) Helical Antennas  b) Yagi-Uda Antennas 

Microwave Antennas :- 

a)Rectangular Micro strip Antennas  b)Planar Inverted-F Antennas 

Reflector Antennas :- 

a) Corner Reflector b) Parabolic Reflector 

4. Propagation Modes  

In Radio communication systems, we use wireless electromagnetic waves as the channel. The antennas of 

different specifications can be used for these purposes. The sizes of these antennas depend upon the bandwidth 
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and frequency of the signal to be transmitted. The mode of propagation of electromagnetic waves in the 

atmosphere and in free space may be divided in to the following three categories – 

 

 Line of sight (LOS) propagation 

 Ground wave propagation 

 Sky wave propagation 

In ELF (Extremely low frequency) and VLF (Very low frequency) frequency bands, the Earth, and the ionosphere 

act as a wave guide for electromagnetic wave propagation. 

In these frequency ranges, communication signals practically propagate around the world. The channel band 

widths are small. Therefore, the information is transmitted through these channels has slow speed and confined 

to digital transmission. 

Line of Sight (LOS) Propagation 

Among the modes of propagation, this line-of-sight propagation is the one, which we commonly notice. In 

the line-of-sight communication, as the name implies, the wave travels a minimum distance of sight. Which 

means it travels to the distance up to which a naked eye can see. Now what happens after that? We need to 

employ an amplifier cum transmitter here to amplify the signal and transmit again. 

Ground Wave Propagation 

Ground wave propagation of the wave follows the contour of earth. Such a wave is called as direct wave. The 

a e so eti es e ds due to the Ea th’s ag eti  field a d gets efle ted to the e ei er. Such a wave can be 

termed as reflected wave. 

Sky Wave Propagation 

Sky wave propagation is preferred when the wave has to travel a longer distance. Here the wave is projected onto 

the sky and it is again reflected back onto the earth. The waves, which are transmitted from the transmitter 

antenna, are reflected from the ionosphere. It consists of several layers of charged particles ranging in altitude 

from 30- 250 miles above the surface of the earth. Such a travel of the wave from transmitter to the ionosphere 

and from there to the receiver on Earth is known as Sky Wave Propagation. Ionosphere is the ionized layer 

a ou d the Ea th’s at osphe e, hi h is suita le fo  sk  a e p opagatio . 

5. Fading and its types. 

The time variation of received signal power due to changes in transmission medium or paths is known 

as fading. Fading depends on various factors as mentioned above. In fixed scenario, fading depends on 

atmospheric conditions such as rainfall, lightening etc. In mobile scenario, fading depends on obstacles 

over the path which is varying with respect to time. These obstacles create complex transmission effects 

to the transmitted signal. 

Fading types 

Slow and Fast Fading 

The terms slow and fast fading refer to the rate at which the magnitude and phase change imposed by 

the channel on the signal changes. The coherence time is a measure of the minimum time required for 

the magnitude change or phase change of the channel to become uncorrelated from its previous value. 
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 Slow fading arises when the coherence time of the channel is large relative to the delay 

requirement of the application. In this regime, the amplitude and phase change imposed by the 

channel can be considered roughly constant over the period of use. Slow fading can be caused 

by events such as shadowing, where a large obstruction such as a hill or large building obscures 

the main signal path between the transmitter and the receiver. The received power change 

caused by shadowing is often modeled using a log-normal distribution with a standard deviation 

according to the log-distance path loss model. 

 Fast fading occurs when the coherence time of the channel is small relative to the delay 

requirement of the application. In this case, the amplitude and phase change imposed by the 

channel varies considerably over the period of use. 

 

Slow V/s Fast Fading 

6.   Elements of Digital Communication 

The elements which form a digital communication system is represented by the following block diagram for the 

ease of understanding. 

 

Following are the sections of the digital communication system. 

Source 

The source can be an analog signal. Example: A Sound signal 
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Input Transducer 

This is a transducer which takes a physical input and converts it to an electrical signal (Example: microphone). 

This block also consists of an analog to digitalconverter where a digital signal is needed for further processes. 

A digital signal is generally represented by a binary sequence. 

Source Encoder 

The source encoder compresses the data into minimum number of bits. This process helps in effective utilization 

of the bandwidth. It removes the redundant bits (unnecessary excess bits, i.e., zeroes). 

Channel Encoder 

The channel encoder, does the coding for error correction. During the transmission of the signal, due to the noise 

in the channel, the signal may get altered and hence to avoid this, the channel encoder adds some redundant bits 

to the transmitted data. These are the error correcting bits. 

Digital Modulator 

The signal to be transmitted is modulated here by a carrier. The signal is also converted to analog from the digital 

sequence, in order to make it travel through the channel or medium. 

Channel 

The channel or a medium, allows the analog signal to transmit from the transmitter end to the receiver end. 

Digital Demodulator 

This is the first step at the receiver end. The received signal is demodulated as well as converted again from 

analog to digital. The signal gets reconstructed here. 

Channel Decoder 

The channel decoder, after detecting the sequence, does some error corrections. The distortions which might 

occur during the transmission, are corrected by adding some redundant bits. This addition of bits helps in the 

complete recovery of the original signal. 

Source Decoder 

The resultant signal is once again digitized by sampling and quantizing so that the pure digital output is obtained 

without the loss of information. The source decoder recreates the source output. 

Output Transducer 

This is the last block which converts the signal into the original physical form, which was at the input of the 

transmitter. It converts the electrical signal into physical output (Example: loud speaker). 

Output Signal 

This is the output which is produced after the whole process. Example − The sou d sig al e ei ed. 

This unit has dealt with the introduction, the digitization of signals, the advantages and the elements of digital 

communications. In the coming chapters, we will learn about the concepts of Digital communications, in detail. 

7.Various multiple access techniques. 

Ans 7  Multiple Access Techniques 

In wireless communication systems, it is often desirable to allow the subscriber to send information 

simultaneously from the mobile station to the base station while receiving information from the base station to 

the mobile station.A cellular system divides any given area into cells where a mobile unit in each cell 
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communicates with a base station. The main aim in the cellular system design is to be able to increase the 

capacity of the channel, i.e., to handle as many calls as possible in a given bandwidth with a sufficient level of 

quality of service. 

The e a e se e al diffe e t a s to allo  a ess to the ha el. These i lude ai l  the follo i g − 

 Frequency division multiple-access (FDMA) 

 Time division multiple-access (TDMA) 

 Code division multiple-access (CDMA) 

 Space division multiple access (SDMA) 

 Packet Reservation Multiple Access (PRMA) 

Depending on how the available bandwidth is allocated to the users, these techniques can be classified 

as narrowband and wideband systems. 

Narrowband Systems 

Systems operating with channels substantially narrower than the coherence bandwidth are called as Narrow band 

systems. Narrow band TDMA allows users to use the same channel but allocates a unique time slot to each user 

on the channel, thus separating a small number of users in time on a single channel. 

Wideband Systems 

In wideband systems, the transmission bandwidth of a single channel is much larger than the coherence 

a d idth of the ha el. Thus, ultipath fadi g does ’t g eatl  affe t the e eived signal within a wideband 

channel, and frequency selective fades occur only in a small fraction of the signal bandwidth. 

Frequency Division Multiple Access (FDMA) 

FDMA is the basic technology for advanced mobile phone services. The features of FDMA are as follows. 

 FDMA allots a different sub-band of frequency to each different user to access the network. 

 If FDMA is not in use, the channel is left idle instead of allotting to the other users. 

 FDMA is implemented in Narrowband systems and it is less complex than TDMA. 

 Tight filtering is done here to reduce adjacent channel interference. 

 The base station BS and mobile station MS, transmit and receive simultaneously and continuously in 

FDMA. 

Time Division Multiple Access (TDMA) 

In the cases where continuous transmission is not required, there TDMA is used instead of FDMA. The features of 

TDMA include the following. 

 TDMA shares a single carrier frequency with several users where each users makes use of non-

overlapping time slots. 

 Data transmission in TDMA is not continuous, but occurs in bursts. Hence handsoff process is simpler. 

 TDMA uses different time slots for transmission and reception thus duplexers are not required. 

 TDMA has an advantage that is possible to allocate different numbers of time slots per frame to different 

users. 

 Bandwidth can be supplied on demand to different users by concatenating or reassigning time slot based 

on priority. 

Code Division Multiple Access (CDMA) 
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Code division multiple access technique is an example of multiple access where several transmitters use a single 

channel to send information simultaneously. Its features are as follows. 

 In CDMA every user uses the full available spectrum instead of getting allotted by separate frequency. 

 CDMA is much recommended for voice and data communications. 

 While multiple codes occupy the same channel in CDMA, the users having same code can communicate 

with each other. 

 CDMA offers more air-space capacity than TDMA. 

 The hands-off between base stations is very well handled by CDMA. 

Space Division Multiple Access (SDMA) 

Space division multiple access or spatial division multiple access is a technique which is MIMO (multiple-input 

multiple-output) architecture and used mostly in wireless and satellite communication. It has the following 

features. 

 All users can communicate at the same time using the same channel. 

 SDMA is completely free from interference. 

 A single satellite can communicate with more satellites receivers of the same frequency. 

 The directional spot-beam antennas are used and hence the base station in SDMA, can track a moving 

user. 

 Controls the radiated energy for each user in space. 

Packet Reservation Multiple Access (PRMA)  

Packet Reservation Multiple Access (PRMA) refers to a multiple access strategy with frames of a fixed number of 

slots. In case a terminal contains a set of data packets or speech segments to deliver, it competes to gain access in 

any free slot. If it can successfully capture the base station (BS), the terminal acquires reservation in the associated 

slots of the next frames, right until it releases the reservation. In PRMA, adjacent cells make use of distinct carrier 

frequencies in line with a cellular reuse plan. The fundamental process of PRMA includes occupying a time slot only 

at the time of speech talks and releasing the channel at the time of silence periods. 

Q 8. Explain cellular network organization. 

Ans 8 Cellular network is an underlying technology for mobile phones, personal communication systems, wireless 

networking etc. The technology is developed for mobile radio telephone to replace high power 

transmitter/receiver systems. Cellular networks use lower power, shorter range and more transmitters for data 

transmission. 

Features of Cellular Systems 

Wireless Cellular Systems solves the problem of spectral congestion and increases user capacity. The features of 

ellula  s ste s a e as follo s − 

 Offer very high capacity in a limited spectrum. 

 Reuse of radio channel in different cells. 

 Enable a fixed number of channels to serve an arbitrarily large number of users by reusing the channel 

throughout the coverage region. 

 Communication is always between mobile and base station (not directly between mobiles). 

 Each cellular base station is allocated a group of radio channels within a small geographic area called a 

cell. 

 Neighboring cells are assigned different channel groups. 
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 By limiting the coverage area to within the boundary of the cell, the channel groups may be reused to 

cover different cells. 

 Keep interference levels within tolerable limits. 

 Frequency reuse or frequency planning. 

Shape of Cells 

The coverage area of cellular networks is divided into cells, each cell having its own antenna for transmitting the 

signals. Each cell has its own frequencies. Data communication in cellular networks is served by its base station 

transmitter, receiver and its control unit. The shape of ells a  e eithe  s ua e o  he ago  − 

Square 

A square cell has four neighbors at distance d and four at distance Root 2 d 

 Better if all adjacent antennas equidistant 

 Simplifies choosing and switching to new antenna 

Hexagon 

A hexagon cell shape is highly recommended for its easy coverage and calculations. It offers the following 

ad a tages − 

 Provides equidistant antennas 

 Distance from center to vertex equals length of side 

 

Q 9. Explain the term Frequency Reuse. 

Ans 9.   Frequency Reuse 

Frequency reusing is the concept of using the same radio frequencies within a given area, that are separated by 

considerable distance, with minimal interference, to establish communication. 

F e ue  euse offe s the follo i g e efits − 

 Allows communications within cell on a given frequency 

 Limits escaping power to adjacent cells 

 Allows re-use of frequencies in nearby cells 

 Uses same frequency for multiple conversations 

 10 to 50 frequencies per cell 

Q10. Explain the operation of a cellular system. 
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Ans-9 The operation of a cellular mobile system can be described as five major functionalities and four additional 

utilities. All the functions together make a complete mobile cellular system. 

 

Mobile unit initialization 

a. When mobile unit is turned on, it scans and selects the strongest setup control channel used for system. 

b. Cells with different frequency bands repetitively broadcast on different setup channels. 

c. The receiver selects the strongest setup channel and monitors that channel. 

d. With this the mobile station has automatically selected the BS antenna of the cell within which it will operate. 

e. Then handshake takes place b/w the mobile unit and MTSO controlling this cell through the BS in this cell. 

f. Handshake is used to identify the user and register its location. 

g. As long as the mobile station is on, scanning is repeated periodically to account for the motion of the unit. 

h. If the unit enters a new cell, then a new BS is selected. 

Mobile-originated call 

i. A mobile unit originates a call by sending the number (Mobile Identification Number, MIN) of the called unit 

on the preselected setup channel. 

j. The receiver of mobile unit checks if the forward channel (from BS) is idle. 

k. If idle the mobile may transmit over the reverse channel( To base station) 

l. BS sends request to the MTSO. 

Paging 

m. MTSO attempts to complete connection 

n. MTSO sends a paging message to certain BSs depending on called mobile number. 

o. BS sends paging signal on its own assigned setup channel. 

Call accepted 
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p. Called mobile unit recognizes its number on the setup channel being monitored and responds to that BS, 

which sends the response to the MTSO. 

q. MTSO stes up a circuit between calling and called BSs. 

r. MTSO sele ts a aila le t affi  ha el ithi  ea h BS’s ell a d otifies ea h BS, hi h i  tu  otifies 
its  mobile unit (a data msg called alert is transmitted over FVC to instruct the mobile to ring). 

s. The two mobile units tune to their respective channels. 

Ongoing call 

t. While connection is maintained, two mobile stations exchange voice or data, through BSs and MTSO. 

Handoff 

u. If a mobile unit moves from range of one cell to another the traffic channel has to change. 

v. System makes this change without either interrupting the call or alerting the user. 

Call blocking: If all traffic channels are busy even after multiple attempts a busy tone is returned. 

Call termination: When one of the users hangs up, MTSO is informed and the traffic channels are released 

Call drop: du i g a o e tio  if e ause of i te fe e e o  eak sig al spots, the BS a ’t ai tai  the i i u  
required signal strength for a certain period of time the traffic channel is dropped and MTSO is informed. 

Calls to/from fixed and remote mobile subscriber: MTSO connects to the public switched telephone network. 

Thus it can setup calls b/w mobile user in its area and fixed subscriber via telephone network, remote MTSO. 

Q-11. What do you mean by handoff? 

Ans11 Cellular networks are composed of cells, each of which is capable of providing telecommunications services 

to subscribers roaming within them. Each cell can only serve up to a certain area and number of subscribers. Thus, 

when any of these two limits is reached, a handoff ensues. For instance, if a subscriber moves out of the coverage 

area of a particular cell while entering another, a handoff takes place between the two cells. The cell that served 

the call prior to the handoff is relieved of its duties, which are then transferred to the second cell. A handoff may 

also e t igge ed he  the u e  of su s i e s usi g a pa ti ula  ell has al ead  ea hed the ell’s a i u  
limit (capacity).  

Handoffs may be classified into two types:  

 Hard Handoff: Characterized by an actual break in the connection while switching from one cell or base 

station to another. The switch takes place so quickly that it can hardly be noticed by the user. Because 

only one channel is needed to serve a system designed for hard handoffs, it is the more affordable option. 

It is also sufficient for services that can allow slight delays, such as mobile broadband Internet. 

 Soft Handoff: Entails two connections to the cell phone from two different base stations. This ensures 

that no break ensues during the handoff. Naturally, it is more costly than a hard handoff. 

Q12 Explain the term sectorization. 
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Ans12 One way to increase to subscriber capacity of a cellular network is replace the omni-directional antenna at 

each base station by three (or six) sector antennas of 120 (or 60) degrees opening.Each sector can be considered 

as a new cell, with its own (set of) frequency channel(s).The base station can either be located at 

 the center of the original (large) cell, or 

 the corners of the original (large) cell.. 

 

The use of directional sector antennas substantially reduces the interference among co-channel cells. This allows 

denser frequency reuse. Sectorization is less expensive than cell-splitting, as it does not require the acquisition of 

new base station sites. 

Q13. Explain the concept of traffic engineering. 

Ans13. Traffic engineering is a method of optimizing the performance of a telecommunications network by 

dynamically analyzing, predicting and regulating the behavior of data transmitted over that network. Traffic 

engineering is also known as tele-traffic engineering and traffic management. The techniques of traffic engineering 

can be applied to networks of all kinds, including the PSTN (public switched telephone network), LANs (local area 

networks), WANs (wide area networks), cellular telephone networks, proprietary business and the Internet. 

Q14. What do you mean by Grade of Service(GoS)? 

Ans-14- Grade of service is the probability of a call in a circuit group being blocked or delayed for more than a 

specified interval, expressed as a vulgar fraction or decimal fraction. This is always with reference to the busy 

hour when the traffic intensity is the greatest. Grade of service may be viewed independently from the perspective 

of incoming versus outgoing calls, and is not necessarily equal in each direction or between different source-

destination pairs. "Grade of Service" sometimes means a measure of inbound call center traffic to verify adherence 

to conditions to measure the success of customers served. 

When a user attempts to make a telephone call, the routing equipment handling the call has to determine whether 

to accept the call, reroute the call to alternative equipment, or reject the call entirely. Rejected calls occur as a 

result of heavy traffic loads (congestion) on the system and can result in the call either being delayed or lost. If a 

call is delayed, the user simply has to wait for the traffic to decrease, however if a call is lost then it is removed 

from the system. 

Q-15. What is Loss Call System? 

Ans 15- The service of incoming calls depends on the number of lines. If number of lines equal to the number of 

subscribers, there is no question of traffic analysis. But it is not only uneconomical but not possible also. So, if the 

incoming calls finds all available lines busy, the call is said to be blocked. The blocked calls can be handled in two 

ways. 
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The type of system by which a blocked call is simply refused and is lost is called loss system. Most notably, 

traditional analog telephone systems simply block calls from entering the system, if no line available. Modern 

telephone networks can statistically multiplex calls or even packetize for lower blocking at the cost of delay. In the 

case of data networks, if dedicated buffer and lines are not available, they block calls from entering the system. 

In the second type of system, a blocked call remains in the system and waits for a free line. This type of system is 

known as delay system. These two types differs in network, way of obtaining solution for the problem and GOS. 

For loss system, the GOS is probability of blocking. For delay system, GOS is the probability of waiting. 

The first person to account fully and accurately for the effect of cleared calls in the calculation of blocking 

probabilities was A.K. Erlang in 1917.Erlang determined the GOS of loss systems having N trunks, with offered 

traffic A, with the following assumptions. (a) Pure chance traffic (b) Statistical equilibrium (c) Full availability and 

(d) Calls which encounter congestion are lost.. A system with a collection of lines is said to be a fully-accessible 

system, if all the lines are equally accessible to all in arriving calls. For example, the trunk lines for inter office calls 

are fully accessible lines. The lost call assumption implies that any attempted call which encounters congestion is 

immediately cleared from the system. In such a case, the user may try again and it may cause more traffic during 

busy hour. 

The Erlang loss system may be defined by the following specifications. 

1. The arrival process of calls is assumed to be Poisson with a rate of X calls per hour. 

2. The holding times are assumed to be mutually independent and identically distributed random variables 

following an exponential distribution with 1/|u seconds. 

3. Calls are served in the order of arrival. 

There are three models of loss systems: Lost calls cleared (LCC),Lost calls returned (LCR) and Lost calls held (LCH) 

 

Downloaded from  be.rgpvnotes.in

Page no: 12 Follow us on facebook to get real-time updates from RGPV

http://www.doh.wa.gov/CommunityandEnvironment/WastewaterManagement/LOSSProgram
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 
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