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EC-6001 Cellular mobile communication 

Unit-I 

Introduction to cellular mobile system: A basic cellular system, performance criteria, uniqueness of 

mobile radio environment, operation of cellular systems, planning of cellular system.  

Elements of cellular radio system design: General description of problem, concept of frequency reuse 

channels, co-channel interference reduction factor, desired C/I in an omni-directional antenna system, 

hand off mechanism, cell splitting, components of cellular systems. 

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

1.1 BASIC CELLULAR SYSTEM 

 
Figure 1.1 Basic Cellular System 

Figure 1.1 shows a basic cellular system having 

three main subsystems:  

1.Mobile Unit  

2. Cell Site  

3. Mobile Telephone Switching Office (MTSO) 

 Mobile Units: A mobile unit having a control 

unit, a transceiver, and an antenna system. Mobile 

unit is the user which contains SIM (Subscriber 

Identity Module) and mobile equipment. 

 Cell site: The cell site connect/provide 

interface between the MTSO and the mobile units. 

It contains control unit, radio cabinets, antennas, a 

power plant, and data terminals. 

 MTSO: The switching office, the central 

coordinating element for all cell sites, contains the 

cellular processor and cellular switch. It interfaces 

with telephone company zone offices; controls call 

processing, provide operation and maintenance. It 

is also handles billing activities.  

 Connections: Voice and data links are used to connect the three subsystems. Each mobile unit can 

only use one channel at a time for its communication link. 

 The MTSO is the heart of the mobile communication system. Its processor provides central 

coordination and cellular administration. 

 The cellular switch can be either analog or digital, switches calls to connect mobile subscribers to other 

mobile subscribers and the nationwide telephone network. It uses voice trunksIt and data links for 

providing supervision links between the switch, processor and cell sites.   

 The radio link carries the voice and signaling between the mobile unit and the cell site. The high-speed 

data links cannot be transmitted over the standard telephone trunks and therefore must use either 

microwave links or wire lines. Microwave radio links or T-carriers carry both voice and data between cell 

site and the MTSO. 

 

1.2 PERFORMANCE CRITERIA 

Performance of cellular mobile communication is evaluated on following parameters: 

 Voice Quality:  

Voi e uality is diffi ult to judge ithout su je ti e/p a ti al tests fo  use s’ feed a k. Voi e uality is a 
major factor that is considered in the performance criteria of a cellular system. It is measured on the 

basis of circuit merits (CM). The voice quality will be based upon the following criterion: a set value x at 

which y percent of customers rate the system voice quality as a receiver as good or excellent, the top 

two circuit merits (CM) of the five listed below.  
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Circuit Merits (CM) Score Quality Scale 

CM5 5 Excellent i.e. voice perfectly understandable 

CM4 4 Good i.e. voice easily understandable but some noise is present 

CM3 3 Fair i.e. voice understandable but required effort  

CM2 2 Poor i.e. voice is understandable but required frequent repetition 

CM1  1 Unsatisfactory i.e. voice not understandable 

 

 Service Quality 

The service quality of cellular system is based on following parameters: 

 Coverage: The coverage area of system should as large as possible. Practically it is not possible to 

cover 100 percent of the area because of irregular terrain configurations. 

 Required grade of service: The blocking probability of each cell site will be different. To decrease the    

blocking probability of system required a good system plan and sufficient number of radio channels. 

 Number of dropped calls: Number of call drop should be less as possible. Suppose in an hour Q calls 

are made and among Q calls if a call is dropped. Then Q-1 calls will be completed then the call drop 

rate is given by 1/Q. This drop rate must be kept low. A high drop rate occurs due to either by 

coverage problems or handoff problems  

 Special Features 

A system has to provide as many as special  

 Call Forwarding  

 Call Waiting 

 Voice Stored (VSR) Box 

 Automatic Roaming 

 Navigation Services.  

 

1.3 UNIQUENESS OF MOBILE RADIO ENVIRONMENT 

The uniqueness of mobile radio environment can be described on the basis of following points: 

 Description of mobile radio transmission medium  

 Model of transmission medium 

 Direct wave path, line of sight path and obstructive path  

 Noise level in cellular frequency band 

 Amplifier noise. 

 Mobile fading characteristics 

 

 Propagation Attenuation:  

 There are number of factors which contribute to the signal strength at receiver. For a line of sight 

(LOS) path, there is free space path loss which is related to the radial distance between transmitter 

and receiver. 

 Propagation in free space and without any obstacle is the most ideal situation. Where there is no 

line of sight path or when radio wave reaches to an obstacle, various propagation effects like 

reflection, scattering, diffraction, refraction occurs. 

 The propagation path loss increases with frequency and distance.  C ∝ R  C = αR  

Where C is the received carrier power, � is constant and R is the distance between transmitter and 

receiver. The propagation path loss varies on the basis of environmental conditions. 
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 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. 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  can be broadly classified into 

two categories:  

1. Large scale fading   2. Small scale fading.    
Figure 1.2 Principle of small-scale fading. 

 Types of fading 

Small Scale Fading  

Small scale fading refers to rapid variation of instantaneous received signal strength due to the 

constructive and destructive interference of multi-paths when the mobile station moves over very short 

distances. Depending on the multipath delay spread small scale fading can be classified as either 

frequency-selective fading or frequency flat fading. Depending on the Doppler spread, small scale fading 

can be classified as either fast fading or slow fading. 

Large Scale Fading 

Large-scale fading occurs as the mobile moves over a large distance. It is caused by path loss of signal as 

a function of distance and shadowing by large objects such as intervening terrains, buildings, and 

vegetation. Shadowing is a slow fading process characterized by variation of median path loss between 

the transmitter and receiver in fixed locations. The received signal strength may be different for even at 

the same distance from a transmitter, due to the shadowing caused by obstacles on the path. 

 Factors Influencing Fading 

The following physical factors influence small-scale fading in the radio propagation channel: 

1. Multipath propagation-Multipath is the propagation phenomenon that results in radio signals 

reaching the receiving antenna by two or more paths. The effects of multipath include phase 

shifting, constructive and destructive interference. 

2. Speed of the mobile-The relative motion between the base station and the mobile results in random 

frequency modulation due to different Doppler shifts of each MPC. 

3. Speed of surrounding objects-If objects in the radio channel are in motion, they induce a time 

varying Doppler shift on multipath components. If the surrounding objects move at a greater rate 

than the mobile, then this effect dominates fading. 

4. Transmission Bandwidth of the signal-If the transmitted radio signal bandwidth is greater than the 

bandwidth of the multipath channel i.e. quantified by coherence bandwidth than received signal will 

be distorted. 

 Direct wave path, line of sight path and obstructive path  

In mobile communication air is used as medium, hence signal may serve many possible paths to reach at 

receiver. A direct wave path will be present between transmitter and receiver when the surface of earth 

is plan/flat i.e. no terrain contour. If the path between transmitter and receiver having no buildings/ 

obstacle this condition is known as line of sight path. But practically we always do not have the line of 

sight or direct path. The average received signal power is grater in case of line of sight condition as 

compared to multipath. 

 

 Noise level in cellular frequency band 

There are two types of man-made noise present in cellular frequency band as follows 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


1. The Ignition Noise. The 800 MHz frequency band was not widely used in past. The ignition noise 

generated by the vehicle is the man-made noise at 800 MHz. The automotive noise introduced at 

800 MHz by ignition noise with a bandwidth of 30 kHz.  

2. The 800-MHz-Emission Noise. As the cellular mobile systems is operating in all the major cities. The 

800-MHz-emission noise can be measured at an idle channel. We can calculate it at a forward voice 

channel in from the 869 to 894 MHz region when the mobile receiver is in a no traffic spot of a city. 

In this case automotive ignition noise will not be involved only the noise introduce by the emission 

will present. 

 

1.4 OPERATION OF CELLULAR SYSTEMS:  

 

 

 

 

 

Figure 1.3 Operation of cellular system 

The operation of a cellular system can be divided into following parts: 

 Mobile unit initialization:  

When subscriber activates the mobile unit the receiver scans 21 set-up channels among the 416 

channels. The strongest channel is selected and locks on for a certain time. Generally the strongest 

set-up channel selected from nearest cell site. This scheme is known as self-location scheme.  

 Mobile originated call:  

The mobile subscriber entered the called number into an originating register in the mobile unit, checks 

to that the number is correct or not and press the send/call button. A request for service is sent on a 

selected set-up channel obtained from a self-location scheme. The cell site receives it, and in directional 

cell sites, selects the best directive antenna for the voice channel to use. The cell site also sends a 

request to the MTSO through a high-speed data line at the same time. The MTSO selects an appropriate 

voice channel for the call, and the cell site used the best directive antenna to link the mobile unit. The 

MTSO also connects the wired line through the zone office of Telephone Company. 

 Network originated call:  

A land-line party dials a mobile unit number. The telephone company zone office identified that the 

number is mobile and forwards the call to the MTSO. The MTSO sends a paging message to some cell 

sites based on the mobile unit number and the search algorithm. Each cell site transmits the page on its 

own set-up channel. The mobile unit recognizes its own identification on a strong set-up channel, locks 

onto it, and responds to the cell site. The mobile unit also follows the instruction to tune to an assigned 

voice channel and initiate user alert. 

 Call termination:  

When the mobile user turns off the transmitter, a particular signal by a signaling tone transmits to the 

cell site, and both sides free the voice channel.  

 Handoff procedure:  

When the mobile unit moves out of the coverage area of a particular cell site, the reception becomes 

weak. The present cell site requests a handoff. The system switches the call to a new frequency channel 

in a new cell site without interrupting the ongoing call or alerting the user. The call continues as long as 

the user is talking. 

 

1.5 PLANNING A CELLULAR SYSTEM 

Planning of new cellular system is very difficult task. As the money involved is construction of cellular 

system is higher. In planning of cellular system we have to determine two elements: Regulations and the 

market situation. 

 Regulations.  

As the spectrum used in mobile communication comes under the category of the regulated spectrum. 

So it is necessary to take the permission before designing the system. In different countries different 
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regulatory bodies are set up to control the cellular mobile activity. In India it is Telecom Regulatory 

Authority of India (TRIA) which regulates telecommunication and services.  

 Market situation.  

The marketing department must have to handle following different task. 

a. Prediction of gross income: The gross income can be determined by the average income, population, 

business zones and business types. 

b. Understanding competitors: The knowledge of the competitors existing in the market play very 

important role in the planning of system. We must know the competitor's situation, system 

performance, coverage, and number of customers.  

c. Decision of geographic coverage: The area which will be covered must be identified. 

 

 The Engineer's Role 

The engineers implement the system which will be followed by decisions taken by the marketing team: 

1. Initiating a cellular mobile service that uses a minimum number of cell sites to cover the whole area.  

2. Checking the areas that important revenue areas which are indicated marketing  

3. Studying and Resolved the interference problems like adjacent channel and co channel interference 

4. Studying the blocking probability of each call at each cell site, and trying to minimize it. 

5. Planning to provide the services to more new customers.  

 

1.6 FREQUENCY REUSE  

Frequency reuse is a technique of reusing same frequencies and channels within a mobile 

communication system to increase its capacity and efficient utilization of spectrum. Frequency reuse is 

fundamental concept of mobile communication system. The frequency reuse concept can be 

implemented in the time domain as well as space domain. 

 
 

Figure 1.4 N-cell Frequency reuse pattern. 

 Frequency Reuse Distance:  

The minimum distance which allows the same frequency to be reused will depend on  the number of 

co-channel cells in the vicinity of the center cell, the type of geographic terrain contour, the antenna 

height, and transmitted power at each cell site. The frequency reuse distance D can be express by D = √ K  R 

 

Where K is the frequency reuse pattern or cluster size shown in figure 1.4 and R is the radius of cell site. 

 

D = { . R        K =. R          K =R              K =. R       K = 9  

Downloaded from  be.rgpvnotes.in

Page no: 5 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

If all the cell sites transmit the same power, then K increases and the frequency reuse distance D 

increases. This increased D reduces the chance that co channel interference may occur. 

 

1.7 CO CHANNEL INTERFERENCE REDUCTION FACTOR 

 
Figure 1.5 Six effective interfering cells of cell 1. 

Frequency reuse technique is very useful for 

increasing the efficiency of spectrum utilization. 

But which results the co channel interference since 

the same frequency channel is used repeatedly in 

different co channel cells. To reduce the co channel 

interference need to find the minimum frequency 

reuse distance. Assume that the all the cell sites 

are identical in size. The cell size is area where 

particular signal strength is available in cell site. . 

As the cell size is fixed then the co channel 

interference is now independent of the 

transmitted power of each cell. It means that the 

received threshold level at the mobile unit is 

adjusted to the size of the cell.  

The co channel interference is a function of a parameter q which is known as co channel inference 

reduction factor and defined as 

 q =  D/R …….  

 

Where D is the frequency reuse distance and R is the radius of cell site. If value of q increases then co 

channel interference decreases.  

 

Further on writing the D in Eq. 1 as a function of KI and C/I we have 

 

D = f KI ,C/I  …….  

Where KI is the number of co channel interfering cells in the first tier, C is carrier signal power, I is the 

interference signal power and C/I is the received carrier-to-interference ratio at the desired mobile 

receiver. 

 CI  =  C∑ IK
KIK=1  

…….  

In perfect hexagonal-shaped cellular system, in the first tier there are always six co channel interfering 

cells, as shown in figure 1.5. In first tier the value of K I is 6. The co channel interference will be 

experienced at both cell site and at mobile units in the center cell. If the interference is much greater, 

then the carrier-to-interference ratio at the mobile units caused by the six interfering sites is the same as 

the C/I received at the center cell site caused by interfering mobile units in the six cells. According to the 

reciprocity theorem and the statistical summation of radio propagation, the two C/I values can be very 

close. Assume that the local noise is much less than the interference level and can be neglected. The 

propagation path-loss slope variation in mobile radio environment is given by C = αR-γ …….  

C/I then can be expressed, on the basis of the propagation path-loss slope CI = R-γ∑ DK-γKIK=1  
…….  

Whe e γ is a p opagatio  path-loss slope determined by the actual terrain environment. In a mobile 

adio ediu  γ usually is assu ed to e . KI is the number of co channel interfering cells and is equal 
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to 6 in a fully developed system, as shown in figure 1.5. The six co channel interfering cells in the second 

tier cause weaker interference than those in the first tier.  

 

Therefore, the co channel interference from the second tier of interfering cells is negligible. Substituting 

Eq. 1 into Eq. 5 we have CI = ∑ DKR -γKIK=1 = ∑ qK -γKIK=1  
…….  

Where qk is the co channel interference reduction factor with kth co channel interfering cell qK = DKR  
…….  

1.8 Desired C/I from a normal case in an omnidirectional antenna system  

In case of calculating the C/I for omnidirectional antenna system we considered following cases: 

1. The co channel interference and signal received by mobile unit 

2. The co channel interference and signal received by cell site. 

Both cases 1 & 2 are shown in figure1.6. The local noises at the cell site and the mobile unit is denotes 

by Nb and Nm respectively. 

 

 

 
 

Figure 1.6 Co channel interference from six interferers (a) Receiving at the cell site; (b) receiving at the 

mobile unit. 

 

Normally the local noise is small as compared with the interference level so we can neglect Nm and Nb. If 

the received carrier-to-interference ratios at both the mobile unit and the cell site are the same, the 

system is called a balanced system. In a balanced system, we can choose either one of the two cases to 

analyze the system requirement; the results from one case are the same for the others. Assume that all 

Dk are the same for simplicity then D = Dk , and q = qk , CI = R-γD−γ 

 

….…  

qγ = CI  

 

…….  

q = ( CI )1/γ
 

 

…….  

I  e uatio   the alue of C/I is ased o  the e ui ed syste  pe fo a e a d the spe ified alue of γ 
is ased o  the te ai  e i o e t. With gi e  alues of C/I a d γ, the o ha el i te fe e e 
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reduction factor q can be determined. Normal cellular practice is to specify C/I to be 18 dB or higher 

based on subjective tests and the criterion described. Because a C/I of 18 dB is measured by the 

acceptance of voice quality from present cellular mobile receivers, this acceptance implies that both 

mobile radio multipath fading and co channel interference become ineffective at that level.  

 

1.9 Handoff mechanism 

A handoff is the process of transferring an active call or data session from one cell to another in a 

cellular network without interpreting the user. It is a unique feature that allows cellular systems to 

operate as effectively. There are two tyopes of handoffs  

1. Hard handoff   2. Soft handoff.  

 

 
Figure 1.7 Handoff mechanisms. (a) Co channel interference reduction ratio q. (b) Fill-in frequencies. 

 

 Hard handoff:  The hard handoff is brake before make. In hard handoff the link to the current base 

station is terminated before or as the user is enters to the e  ell’s ase statio . This ea s that the 
mobile is not connected at a time to more than one base station.To understand concept of hard handoff 

consider a one dimensional figure as shown in figure 1.7. Two co channel cells as shown in figure 1.7(a) 

using the frequency F1 separated by a distance D. In order to cover the whole area other frequency 

channels as F2, F3, and F4 are assigned to cells C2, C3, and C4 respectively between two co channel cells as 

shown in figure 1.7(b). Assume that a mobile user is starting a call in cell C1 and then moves to cell C2. 

The cellular system automatically assigns the frequency F2 the mobile user.  

 

 Soft handoff: The soft handoff is make before brake. Soft handoff is also known as mobile directed 

handoff because it is directed by the mobile phones. Soft handoff has the ability to select between the 

instantaneous received signals from different base stations. In soft handoff current channel in the 

source cell is used for a short time in parallel with the channel in the target cell. In this the connection to 

the target cell is made before the connection to the source channel is terminated. 

 

1.10 Cell splitting 

Cell splitting is a process which a larger cell is subdivided into smaller cell on some conditions like 

congestion, heavy traffic at that particular cell. Cell splitting is done in when traffic density is high the 

frequency channels Fi in each cell Ci is not able to handle enough mobile calls then the original cell can 

be split into smaller cells. The radius of new cell is half of the original cell radius as shown in figure 1.8. 

There are two ways of cell splitting, in figure 1.8(a) the original cell site is not used but in the figure 1.8 

(b) original cell is used.  
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New cell radius = old cell radius
 

 New cell area = old cell radius
 

Assume that maximum traffic load capacity of new cell 

is same as the old cell  

 New traffic load Unit area = Traffic load Unit area  

 

There are two kinds of cell-splitting techniques:  

1. Permanent splitting: This type of cell splitting is 

planned prior to the traffic load on the basis of the 

analytical data. Permanent cell splitting is done on the 

basis of number of channels, assigned frequencies, 

transmitted power and the traffic load of the original 

cell. The actual service of the original cell is stop for 

some time. This is done usually at midnight on a 

weekend. 

 
Figure 1.8 Cell splitting 

2. Dynamic splitting: This scheme is based on using the allocated spectrum efficiency in real time. The 

algorithm for dynamically splitting cell sites is a tedious job, as we cannot afford to have one single cell 

u used du i g ell splitti g at hea y t affi  hou s.  

 

1.11 COMPONENTS OF CELLULAR SYSTEMS: 

Mobile radios, antennas, cell-site, base-station 

controller, and MTSO are basic components of 

cellular systems. Figure 1.9 shows a general view of 

cellular system. 

 Antennas 

Antenna is major component in cellular system. The 

performance of cellular system based on the 

properties of antenna like antenna pattern, antenna 

tilting, antenna gain, and antenna height. The 

antenna pattern may be omni directional, 

directional, or any shape in both the vertical and the 

horizon planes. Antenna gain compensates for the 

transmitted power. Antenna tilting can reduce the 

interference to the neighboring cells and enhance 

the weak spots in the cell. 

 
Figure 1.9 A general view of cellular systems. 

 Switching Equipment 

Switching equipments are used to connect/forward the request to the mobile unit/cell. The capacity of 

switching equipment in cellular systems is not based on the number of switch ports but on the capacity 

of the processor associated with the switches. Hence the switching equipment should have maximum 

capacity. By means switching equipment can link to other switching equipment so that a call can be 

carried from one system to another system without the call being dropped.  

 Data Links 

The data link can carry multiple channel data from the cell site to the MTSO. They can be multiplexed, 

many-data channels passing through a wideband T-carrier wire line or going through a microwave radio 

link where the frequency is much higher than 850 MHz’s.  
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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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