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Introduction to wireless communication systems: 

In 1897 Gugliemo Marconi was the first to demonstrate that it was possible to establish a continuous 
communication stream with the ships that were sailing in the English Channel, by means of radio waves. Since then, 
the wireless technologies that make “on-the-move” communication possible for us have evolved remarkably. 
Today, facilitated by RF circuit fabrication and digital switching techniques, affordable high speed 
telecommunication has been largely deployed across the world. 

We know, communication means transfer of information from source to recipient. In traditional telephony, when 
source and recipient were located in long distance, this transfer used to happen by connecting source and recipient 
physically through conducting wires, which would carry information in the form of electrical signals. 

Now, what is Wireless Communication? 

Any transfer of information between points that do not have a physical connection, like wire or cable connection, 
would be WIRELESS COMMUNICATION. Therefore, when you talk to your friend sitting beside you, technically 
wouldn’t you be communicating wirelessly? But since we are Engineers, let us leave aside such naive cases and have 
some qualitative examples of wireless communication systems. 

Examples of wireless communication: 

 Short Distance - TV controlled by remote 
 Long Distance - Space Radio Communication 

Components of a Communication System: 

 

The source is the originating point of the information that is to be conveyed. This information could be voice, text, 
picture, packet data etc. Usually, this message is encoded upon a carrier or a medium called the Baseband signal. 
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The baseband signal carries no information on its own, but before reaching the transmitter, the information to be 
sent is added to it. The transmitter then sends out the message into the communication channel. 

The channel is a medium through which the transmitter output is sent to the recipient. This in the wired system 
could be a wire, a coaxial cable, or an optical fiber. In wireless systems these are generally waves like IR or radio. At 
the other end of the channel would be the receiver. It would extract the information from the incoming signal 
received, by subtracting the baseband signal from it. The receiver output is the information that had come from the 
source, and this can be directed to the recipient. 

Cellular Communication 

Cellular Mobile Communication systems are wireless systems that divide a given geographical area into cells and 
use a large number of transmitters to communicate wirelessly within those cells. They provide mobility to the user 
within the cell, and when he/she moves from one cell to another, a ‘hand-off’ mechanism takes care of continuous 
connectivity. Therefore cellular communication ensures connectivity with a single network over a large geographical 
area. 

Different generations of wireless networks: 

Over the years, we have seen remarkable growth of cellular communication over radio. With ever increasing 
subscriber base and limited radio resource, providing quality telecom services became difficult. These issues led 
mobile service providers to research into technologies and  improve the quality of service and be able to support 
more users in their systems. Therefore Cellular communication has been continuously evolving into newer forms. 
Here’s a brief look into its journey from 1G to LTE. 

North American Cellular  

 Developed in the 1970’s, deployed in the early 1980’s 
 Initially operated in 800 MHz frequency range, then in 1900 MHz range 

GSM (2G) 

 Newer than North American Cellular 
 All Digital Standard recommended by ETSI for Europe.  
 Adapted in other countries. 
 Operates in 900 MHz range  

GPRS (2.5G)  

 Is a packet based data service for mobile phones 
 56-114 kbps 

UMTS (3G)                                                                                     

 3GPP standards 
 Data rates starts from 384 kbps and runs into Mbps based on the technology 

LTE (4G)   

 Based on an all-IP packet switched network. 
 Peak data rates of up to approximately 100 Mbps. 
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Cellular system design fundamentals: 

The design objective of early mobile radio systems was to achieve a large coverage area by using a single, high 
powered transmitter with an antenna mounted on a tall tower. While this approach achieved very good coverage, it 
also meant that it was impossible to reuse those same frequencies throughout the system, since any attempts to 
achieve frequency reuse would result in interference. For example, the Bell mobile system in New York City in the 
1970s could only support a maximum of twelve simultaneous calls over a thousand square miles [Cal88]. Faced with 
the fact that government regulatory agencies could not make spectrum allocations in proportion to the increasing 
demand for mobile services, it became imperative to restructure the radio telephone system to achieve high 
capacity with limited radio spectrum while at the same time covering very large areas. 

The cellular concept was a major breakthrough in solving the problem of spectral congestion and user capacity. It 
offered very high capacity in a limited spectrum allocation without any major technological changes. The cellular 
concept is a system-level idea which calls for replacing a single, high power transmitter (large cell) with many low 
power transmitters (small cells), each providing coverage to only a small portion of the service area. Each base 
station is allocated a portion of the total number of channels available to the entire system, and nearby base 
stations is assigned different groups of channels so that all the available channels are assigned to a relatively small 
number of neighboring base stations. Neighboring base stations are assigned different groups of channels so that 
the interference between base stations (and the mobile users under their control) is minimized. By systematically 
spacing base stations and their channel groups throughout a market, the available channels are distributed 
throughout the geographic region and may be reused as many times as necessary so long as the interference 
between co channel stations is kept below acceptable levels. As the demand for service increases (i.e., as more 
channels are needed within a particular market), the number of base stations may be increased (along with a 
corresponding decrease in transmitter power to avoid added interference), thereby providing additional radio 
capacity with no additional increase in radio spectrum. This fundamental principle is the foundation for all modern 
wireless communication systems, since it enables a fixed number of channels to serve an arbitrarily large number of 
subscribers by reusing the channels throughout the coverage region. Furthermore, the cellular concept allows every 
piece of subscriber equipment within a country or continent to be manufactured with the same set of channels so 
that any mobile may be used anywhere within the region. 

Frequency Reuse: 

Cellular radio systems rely on an intelligent allocation and reuse of channels throughout a coverage region . Each 
cellular base station is allocated a group of radio channels to be used within a small geographic area called a cell. 
Base stations in adjacent cells are assigned channel groups which contain completely different channels than 
neighboring cells. The base station antennas are designed to achieve the desired coverage within the particular cell. 
By limiting the coverage area to within the boundaries of a cell, the same group of channels may be used to cover 
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different cells that are separated from one another by distances large enough to keep interference levels within 
tolerable limits. The design process of selecting and allocating channel groups for all of the cellular base stations 
within a system is called frequency reuse or frequency planning. 

 

 

 

Figure 1.1 Illustration of the cellular frequency reuse concept. Cells with the same letter use the same set of 
frequencies. A cell cluster is outlined in bold and replicated over the coverage area. In this example, the cluster size, 
N, is equal to seven, and the frequency reuse factor is 1/7 since each cell contains one-seventh of the total number 
of available channels. 

Figure1.1 illustrates the concept of cellular frequency reuse, where cells labeled with the same letter use the same 
group of channels. The frequency reuse plan is overlaid upon a map to indicate where different frequency channels 
are used. The hexagonal cell shape shown in Figure 1.1 is conceptual and is a simplistic model of the radio coverage 
for each base station, but it has been universally adopted since the hexagon permits easy and manageable analysis 
of a cellular system. The actual radio coverage of a cell is known as the footprint and is determined from field 
measurements or propagation prediction models. Although the real footprint is amorphous in nature, a regular cell 
shape is needed for systematic system design and adaptation for future growth. While it might seem natural to  
choose a circle to represent the coverage area of a base station, adjacent circles cannot be overlaid upon a map 
without leaving gaps or creating overlapping regions. Thus, when considering geometric shapes which cover an 
entire region without overlap and with equal area, there are three sensible choices—a square, an equilateral 
triangle, and a hexagon. A cell must be designed to serve the weakest mobiles within the footprint, and these are 
typically located at the edge of the cell. For a given distance between the center of a polygon and its farthest 
perimeter points, the hexagon has the largest area of the three. Thus, by using the hexagon geometry, the fewest 
number of cells can cover a geographic region, and the hexagon closely approximates a circular radiation pattern 
which would occur for an Omni-directional base station antenna and free space propagation. Of course, the actual 
cellular footprint is determined by the contour in which a given transmitter serves the mobiles successfully. When 
using hexagons to model coverage areas, base station transmitters are depicted as either being in the center of the 
cell (center-excited cells) or on three of the six cell vertices (edge-excited cells). Normally, Omni-directional 
antennas are used in center-excited cells and sectored directional antennas are used in corner-excited cells. 
Practical considerations usually do not allow base stations to be placed exactly as they appear in the hexagonal 
layout. Most system designs permit a base station to be positioned up to one-fourth the cell radius away from the 
ideal location. To understand the frequency reuse concept, consider a cellular system which has a total of S duplex 
channels available for use. If each cell is allocated a group of k channels (k < S), and if the S channels are divided 
among N cells into unique and disjoint channel groups which each have the same number of channels, the total 
number of available radio channels can be expressed as: 

S=kxN                         …..1.1 
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The N cells which collectively use the complete set of available frequencies is called a cluster. If a cluster is 
replicated M times within the system, the total number of duplex channels, C, can be used as a measure of capacity 
and is given by: 

C =MxkxN= MxS      ……..1.2 

As seen from Equation (1.2), the capacity of a cellular system is directly proportional to the number of times a 
cluster is replicated in a fixed service area. The factor N is called the cluster size and is typically equal to 4, 7, or 12.  
If the cluster size N is reduced while the cell size is kept constant, more clusters are required to cover a given area, 
and hence more capacity (a larger value of C) is achieved. A large cluster size indicates that the ratio between the 
cell radius and the distance between co-channel cells is small. Conversely, a small cluster size indicates that co-
channel cells are located much closer together. The value for N is a function of how much interference a mobile or 
base station can tolerate while maintaining a sufficient quality of communications. From a design viewpoint, the 
smallest possible value of N is desirable in order to maximize capacity over a given coverage area (i.e., to maximize 
C in Equation (1.2)). The frequency reuse factor of a cellular system is given by 1/N, since each cell within a cluster is 
only assigned 1/N of the total available channels in the system. Due to the fact that the hexagonal geometry of 
Figure 3.1 has exactly six equidistant neighbors and that the lines joining the centers of any cell and each of its 
neighbors are separated by multiples of 60 degrees, there are only certain cluster sizes and cell layouts which are 
possible [Mac79]. In order to tessellate—to connect without gaps between adjacent cells—the geometry of 
hexagons is such that the number of cells per cluster, N, can only have values which satisfy Equation (1.3). 

N=𝑖2 + 𝑖𝑗 + 𝑗2   ……1.3 

where i and j are non-negative integers. To find the nearest co-channel neighbors of a particular cell, one must do 
the following: (1) move i cells along any chain of hexagons and then (2) turn 60 degrees counter-clockwise and 
move j cells. This is illustrated in Figure 1.2 for i = 3 and j = 2 (example, N = 19). 

 

  

 

 

 

 

 

 

                   Figure 1.2 Method of locating co-channel cells in a cellular system. In this example, N = 19 (i.e., i = 3, j = 2) 

 

Example 1.1 If a total of 33 MHz of bandwidth is allocated to a particular FDD cellular telephone system which uses 
two 25 kHz simplex channels to provide full duplex voice and control channels, compute the number of channels 
available per cell if a system uses (a) four-cell reuse, (b) seven-cell reuse, and (c) 12-cell reuse. If 1 MHz of the 
allocated spectrum is dedicated to control channels, determine an equitable distribution of control channels and 
voice channels in each cell for each of the three systems.  

Solution Given: Total bandwidth = 33 MHz Channel bandwidth = 25 kHz × 2 simplex channels = 50 kHz/duplex 
channel Total available channels = 33,000/50 = 660 channels 
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(a) For N = 4, total number of channels available per cell = 660/4 ≈ 165 channels. 

 (b) For N = 7, total number of channels available per cell = 660/7 ≈ 95 channels. 

(b)  (c) For N = 12, total number of channels available per cell = 660/12 ≈ 55 channels. 
 A 1 MHz spectrum for control channels implies that there are 1000/50 = 20 control channels out of the 660 
channels available. To evenly distribute the control and voice channels, simply allocate the same number of voice 
channels in each cell wherever possible. Here, the 660 channels must be evenly distributed to each cell within the 
cluster. In practice, only the 640 voice channels would be allocated, since the control channels are allocated 
separately as 1 per cell. (a) For N = 4, we can have five control channels and 160 voice channels per cell. In practice, 
however, each cell only needs a single control channel (the control channels have a greater reuse distance than the 
voice channels). Thus, one control channel and 160 voice channels would be assigned to each cell. (b) For N = 7, four 
cells with three control channels and 92 voice channels, two cells with three control channels and 90 voice 
channels, and one cell with two control channels and 92 voice channels could be allocated. In practice, however, 
each cell would have one control channel, four cells would have 91 voice channels, and three cells would have 92 
voice channels. (c) For N = 12, we can have eight cells with two control channels and 53 voice channels, and four 
cells with one control channel and 54 voice channels each. In an actual system, each cell would have one control 
channel, eight cells would have 53 voice channels, and four cells would have 54 voice channels. 
 
Hand-off strategies: 
In cellular communications, the handoff is the process of transferring an active call or data session from one cell in a 
cellular network or from one channel to another. In satellite communications, it is the process of transferring 
control from one earth station to another. Handoff is necessary for preventing loss of interruption of service to a 
caller or a data session user. Handoff is also called handover. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Situation for triggering hand-off: 
Handoffs are triggered in any of the following situations – 

 If a subscriber who is in a call or a data session moves out of coverage of one cell and enters coverage area of 
another cell, a handoff is triggered for a continuum of service. The tasks that were being performed by the first 
cell are delineating to the latter cell. 
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 Each cell has a pre-defined capacity, i.e. it can handle only a specific number of subscribers. If the number of 
users using a particular cell reaches its maximum capacity, then a handoff occurs. Some of the calls are 
transferred to adjoining cells, provided that the subscriber is in the overlapping coverage area of both the cells. 

 Cells are often sub-divided into microcells. A handoff may occur when there is a transfer of duties from the large 
cell to the smaller cell and vice versa. For example, there is a traveling user moving within the jurisdiction of a 
large cell. If the traveler stops, then the jurisdiction is transferred to a microcell to relieve the load on the large 
cell. 

 Handoffs may also occur when there is an interference of calls using the same frequency for communication. 

Types of handoffs: 

There are two types of handoffs − 

 Hard Handoff − In a hard handoff, an actual break in the connection occurs while switching from one cell to 
another. The radio links from the mobile station to the existing cell is broken before establishing a link with the 
next cell. It is generally an inter-frequency handoff. It is a “break before make” policy. 

 Soft Handoff − In soft handoff, at least one of the links is kept when radio links are added and removed to the 
mobile station. This ensures that during the handoff, no break occurs. This is generally adopted in co-located 
sites. It is a “make before break” policy. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Mobile Assisted Handoff: 

 Mobile Assisted Handoff (MAHO) is a technique in which the mobile devices assist the Base Station Controller 
(BSC) to transfer a call to another BSC. It is used in GSM cellular networks. In other systems, like AMPS, a 
handoff is solely the job of the BSC and the Mobile Switching Centre (MSC), without any participation of the 
mobile device. However, in GSM, when a mobile station is not using its time slots for communicating, it 
measures signal quality to nearby BSC and sends this information to the BSC. The BSC performs handoff 
according to this information. 
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Interference and system capacity: 
Interference is a limiting factor in the performance of cellular systems, Co-Channel interference (CCI) is caused by 
signals at the same frequency. Adjacent channel interference (ACI) is caused by signals from neighboring 
frequencies. In traffic channels, interference causes crosstalk from undesired users. In control channels, 
interference causes errors which result in wrong instructions. To reduce co-channel interference, co-channel cells 
must be separated sufficiently. 
System capacity, defined as the total channels supported in a cellular system is derived using simple cellular 
geometry. It was shown that through frequency reuse system capacity can be improved dramatically (seemingly 
unbounded!). The analysis is somewhat naive — it does not take into account the serviceability of a channel. 
Intimately coupled with frequency reuse is the phenomenon called co-channel interference. This is because the 
same frequency band is used by two or more base stations that are located in relative proximity to each other. Even 
though cellular structure is designed to provide maximum protection against interference, it simply can not totally 
eliminate co-channel interference, which in some cases can be the dominant factor in determining the system 
capacity , Having a clear understanding of the impact of co-channel interference on the system capacity is therefore 
of great importance in system design. Generally speaking, a channel is deemed serviceable if its signal to 
interference/noise ratio (SINR) is above a certain threshold. A system is called interference limited if the co-channel 
interference dominates the channel noise. Under this assumption, we can assume a noiseless channel to simplify 
our analysis and gain valuable insight on the effects of interference. Notice that co-channel interference exists for 
both downlink and uplink channels. 
 
Improving Capacity in Cellular Systems: 
Objective for the improving system capacity is to provide more channels per unit coverage area. 
Techniques are used to improve capacity. 

SECTORING:-Use directional antennas to further control the interference and frequency reuse of channels.  

Examples: Omni, 120O, 60O and 90o.  

 

 
 
 
 
 
 

The sectoring is done by replacing a single Omni-directional antenna with 3 directional antennas (120O sectoring) or 

with 6 directional antennas (60O sectoring). In this scheme; each cell is divided into 3 or 6 sectors. Each sector uses a 

directional antenna at the BS and is assigned a set of channels. The number of channels in each sector is the number 

of channels in a cell divided by the number of sectors. The amount of co-channel interferer is also reduced by the 

number of sectors. 

 Drawbacks: Increase the number of antennas at each BS. The number of handoffs increases when the mobile 

moves from one sector to another.  

Cell Splitting: Cell splitting is the process of splitting a mobile cell into several smaller cells. This is usually done to 

make more voice channels available to accommodate traffic growth in the area covered by the original cell. If the 

radius of a cell is reduced from R to R/2, the area of the cell is reduced from Area to Area/4. The number of 

available channels is also increased. Cell splitting is usually done on demand; when in a certain cell there is too 

much traffic which causes too much blocking of calls. The cell is split into smaller microcells.  
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 Trunking and Grade of Service (GoS): 

Trunking is the concept that allows large number of users to use a smaller number of channels (or phone lines, 

customer service representatives, parking spots, public bathrooms, as efficiently as possible. It is clear that Trunking 

is based on statistics. The number of available channels in a trunked system is directly related to the probability of 

call blocking during peak time .In some systems, because of high system demand, calls that cannot be initiated are o 

Blocked (caller will have to make the call later with not priority at all). Such systems are sometimes called Blocked 

Calls Cleared systems. oQueued (call is placed in a queue for several seconds until a free channel becomes 

available). Such systems are sometimes called Blocked Calls Queued systems.   

 Trunking and Queuing theories were first studied by a mathematician called Erlang What is an Erlang One Erlang is 

defined as the amount of traffic intensity carrier by a channel that is completely occupied Therefore,   1 Erlang = 1 

call with a duration of 1 hour over a channel every hour    = 2 calls with a duration of 0.5 hours over the channel 

every hour    = 30 calls with a duration of 4 minutes over the channel every 2 hours (120 minutes) A channel that 

carries 2 calls of duration 5 minutes each per hour carries (2*5 min/60 min = 1/6 Erlangs) Grade of Service (GOS) 

The grade of service (GOS) is related to the ability of a mobile phone to access the trunked mobile phone system 

during the busiest hour. To meet a specific GOS, the maximum required capacity of the system must be estimated 

and the proper number of channels must be allocated for the system. GOS is a measure of the congestion of the 

system which is specified as the probability of a call being blocked (Erlang B system) or the probability of a call being 

delayed beyond a certain amount of time (Erlang C system). 

Grade of Service (GoS) is the measure of traffic congestion in telephone network. Congestion in the network results 
in lost call scenario.  
Hence Traffic carried = traffic offered - traffic lost . 

For the lost call system, Grade of Service, say B is defined as follows. Grade of Service Equation is mentioned below. 
B = Traffic lost/ Traffic offered, 

Let us say for a telephone network Erlang is A and Grade of Service is B , then traffic lost is AB and traffic carried is 
A(1-B). 

Let us do some calculations with the data given below.  
1400 calls were offered in busy hour with some trunk lines. Out of these 7 calls were lost. Average call duration was 
about 4 minutes. 

In the above scenario, busy hour means T is about 60 minutes  
Traffic offered = A=Ch/T = 1400 x 4 /60 = about 93.3 Erlang  
Traffic carried = 1393 x 4 /60 = about 92.86 Erlang  
Traffic lost = 7 x 4 /60 = 0.46 Erlang  
Grade of Service = 7/1400 = 0.005  
Congestion period = 0.005 x 3600 = 18 seconds. 
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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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