
UNIT-I 

 

CELLULAR MOBILE RADIO SYSTEM 

 

Introduction to Cellular Mobile Systems 

Limitations of conventional mobile telephone systems 

 

One of many reasons for developing a cellular mobile telephone system and deploying it in 

many cities is the operational li8mitations of conventional mobile telephone systems: 

1.limited service capability 

2. poor service performance 

3. Inefficient frequency spectrum utilization. 

 

1. Limited service capability: 

 

A conventional mobile telephone system is usually designed by selecting one or more 

channels from a specific frequency allocation for use in autonomous geographic zones, as 

shown in Fig.1. The communications coverage area of each zone is normally planned to   be 

as large as possible, which means that the transmitted power should be as high as the federal 

specification allows. The user who starts a call in one zone has to reinitiate the call when 

moving into a new zone (see Fig.1) because the call will be dropped. This is an undesirable 

radio telephone system since there is no guarantee that a call can be completed without a 

handoff capability. 

The handoff is a process of automatically changing frequencies as the mobile unit 

moves into a different frequency zone so that the conversion can be continued in a new 

frequency zone without redialing. Another disadvantage of the conventional system   is that 

the number of active users is limited to the number of channels assigned to a particular 

frequency zone. 
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Poor service performance: 

 

In the past, a total of 33 channels were allocated to three mobile telephone systems:  

Mobile Telephone Service (MTS),Improved Mobile Telephone Service (IMTS) MK 

systems.MTS operates around 40MHz and MJ operates at 150 MHz; both provide 11 

channles;IMTS MK operates at 450 MHz and provides 12 channels. These 33 channels 

must cover an area 50 mi in diameter. In 1976, New York City had 6 channels of MJ 

serving 320 customers, with another 2400 customers on a waiting list. New York City    

also had 6 channels of MK serving 225 customers, with another 1300 customers on a 

waiting list. The large number of subscribers created a high blocking probability during 

busy hours. The actual number of blocking probability during busy hours. The actual 

number of blocking will be shown later. Although service performance was undesirable, 

the demand was still great. A high-capacity system for mobile telephones was needed. 

Inefficient frequency spectrum utilization: 

In a conventional mobile telephone system, the frequency utilization measurement M 0      

is defined as the maximum number of customers that could be served by one channel at 

the busy hour. Equation (1.1-1) gives the 1976 New York City data cited earlier. 

 

 

Assume an average calling time of 1.76 min and apply the Erlang B model (lost-calls- 

cleared conditions). Calculate the blocking probability as follows: Use 6 channels, with 

each channel serving the two different numbers of customers shown in Eq. (1.1-1). The 

offered load can then be obtained by Eq. (1.1-2). 
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Given that the number of channels is 6 and the offered loads are A1 = 9.33 and  A2= 6.51 

,read  from  the  table  in  Appendix  1.1  to  obtain  the  blocking probabilities B1= 50 % (MJ 

system) and B2= 30 % (MK system), respectively. It is likely that half the initiating calls will be 

blocked in the MJ system, a very high blocking probability. 

If the actual average calling time is greater than 1.76 min, the blocking probability can be 

even higher. To reduce the blocking probability, we must decreases the value of the frequency 

spectrum utilization measurement M 0   as shown in Eq. (1.1-1) 

As far as frequency spectrum utilization is concerned, the conventional system does not 

utilize the spectrum efficiently since each channel can only serve one customer    at a time in a 

whole area. A new cellular system that measures the frequency spectrum utilization differently 

from Eq. (1.1-1) 

Basic Cellular system 

A basic cellular system consists of three parts: a mobile unit, a cell site, and a mobile telephone 

switching office (MTSO) as shown in the following figure shows, with connections to link the 

three subsystems 

 

A general view of cellular Telecommunications systems 

Mobile unit:  Contain a control unit, a Trans receiver and an antenna system. 

Cell site: this is an interface unit between the MTSO and the mobile units. It is also having control 

unit, radio cabinets, Antennas, a power plant and data terminals. 

MTSO: is a central coordinating element for all sites.  It contains the cellular processor and cellular 

switch. It control call processing, interfaces with voice circuits of telephone network, billing 

activities etc. 

 

 

ECE/LIET CMC Notes P.Sudheer Asst Prof Ece Dept



Connections: The radio and high speed data links connect the above three sub-systems. Each 

mobile unit can only use one channel at a time for its communication link. But the channels is not 

fixed, it can be any one in the entire band assigned   by the serving area. Each   cell   site   having 

multi-channel capabilities can be connected simultaneously too many mobile units. 

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

and cellular administration. The cellular switch (analog or digital), switches calls to connect 

mobile subscribers to other mobile subscribes and to telephone network. It uses the voice trunks 

to telephone company interoffice voice trunks. It also contains data links providing supervision 

links between the processor and the switch and between the cell sites and the processor. 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 T-carries (wire lines). Microwave radio links or T-carries carry both 

voice and data between the cell site and the MTSO 

Performance criteria 

The performance criteria can be specified in the following three categories. 

1. Voice Quality: 

Voice quality is very hard to judge and can be judged by subjective test from user’s opinions. 

The voice quality is based on a set value x at which y percent of customers rate the system voice 

quality (from transmitter to receiver) as good or excellent and the circuit merits (CM) are listed 

below: 

 

CM SCORE QUALITY SCALE 

CM - 5 5 Excellent (perfectly understandable) 

CM - 4 4 Good (speech understandable, some Noise) 

CM - 3 3 Fair (understandable with occasional repetitions) 

CM - 2 2 Poor ( understandable only with effort) 

CM - 1 1 Unsatisfactory (not understandable) 

If the customers choose CM - 4 and CM - 5, the cost of the system increases. The CM score is 

the mean opinion score (MOS) from all the listeners and usually MOS score is around MOS ≥ 4. 

2. Service Quality 

The service quality of a cellular system is decided by three factors, they are 

1. Coverage 

2. Required grade of service 

3. Number of dropped calls. 
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1. Coverage: 

The cellular system must cover a large area for good service quality. But due to improper terrain 

structures it is not possible to serve the complete area for two reasons. 

(i) In order to illuminate weak spots in the coverage area with adequate reception of high 

transmitted power is required.  This requirement adds cost factor. 

(ii) As the transmitted power increases the ability to control interference decreases. Hence, 

systems generally serve 90 percent of an area in flat terrain and 75 percent of an area in hilly 

terrain. 

The criteria of both voice quality and coverage in AMPs cellular system assert that, 

(i) In flat terrain conditions, 75 percent users rank the voice quality as good or excellent in 90 

percent of an area covered. 

(ii) In hilly terrain conditions 90 percent of users must rank the voice quality as good or excellent 

in 75 percent of an area covered. 

The percentage values of voice quality and coverage can be adjusted according to various terrain 

conditions. 

Uniqueness of Mobile Radio Environment 

1. Description of   mobile radio transmission medium. 

In mobile radio transmission medium, we need to consider two parameters for good line- of-sight 

propagation, they are 

1. Propagation attenuation   2. Fading 

1. Propagation Attenuation there is a loss in signal power as the radio wave propagates from cell 

site to mobile unit, this loss is known as propagation attenuation or propagation path loss.  This 

increases with increase in distance between cell site and mobile unit. 

Figure (a) shows the direct path and reflected path of a signal propagating from cell site to mobile 

unit. The angles 1 and 2 represent the incident angles of direct wave and reflected wave 

respectively.   The angle 1 is also known as elevation angle. The angles and 2 are very small if 

the height of antenna at cell site is between 30 to 100m, height of antenna at mobile unit is around 

3 m and the distance between cell site and mobile unit is 2km. 
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A propagation path loss of 40 dB/dec is a general rule for the mobile radio environment, where 

dec is a short form of decade. That is the receiver of the mobile unit perceives a loss 40 dB, when 

it moves from 1 to 10km. 

Hence, C is inversely proportional to R4. 

 

Where, 

 = constant 

 R4 = Distance between transmitter and receiver 

 C= Received carrier power 

 

If C1 is power received at a distance R1 and 

C2 is power received at a distance R2 then, 

C= R2
-4 

 C= R1
-4 and  

 

 

The difference in power reception is obtained by equation (2) in decibels as, 

 

The propagation attenuation in real mobile radio environment is given as, 

C R

C= R      --- (4) 

 

The value of (gamma) varies between 2 and 5 based on the conditions of environments. In free 

space condition the value of  is 2. 

Equation (4) can be written in decibel scale as, 

 




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Fading: 

 

The rapid fluctuations of the amplitudes, phases or multipath delays of a radio signal over a short 

period of time or travel distance is known as fading. 

In radio propagation multipath waves are generated due to, 

1. Lower antenna height of mobile unit compared to its surroundings. 

2. Much less wavelength of carrier frequency compared to its surrounding structures. 

This multipath components combine vectorially at the receiver antenna and causes the signal 

received by the mobile to fade. Figure shows the nulls of the fluctuation at the baseband and an 

amplitude fading of 10dB above the average signal and 30dB below the average signal is noticed. 

If the speed of the mobile unit increases the rate of fluctuations also increases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model of Transmission Medium 

 

Depending on natural physical phenomena, a mobile radio signal r(t) shown in figure (a) is 

mathematically described as, 

rt   mt r0 t      1

Where the component m (t) is known as local mean or long-term fading or log normal  

fading,  this  occurs  due  to  path  loss  of  signal  as  a  function  of  distance   and  

shadowing by large objects such  as hills.   The    component  r0 
(t) is known as multipath 

fading (or) short-term fading (or) Rayleigh fading, this occurs due to constructive and destructive 

interference of the multiple signal  paths  between transmitter  and receiver.  The expression for 

long-term fading is given as, 
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Where 2T is the time period for averaging r (t). The value of T is obtained using fading rate of r 

(t) which is general between 40 to 80 fades. Hence, m(t) is the envelope of r (t) as shown in 

figure (a). the long term fading m(t) can be expressed in spatial scale as, 

 

The length of 2L is in between 20 to 40 wavelength and is obtained by averaging 36 to 50 

samples in an interval of 40 wavelengths. 

The short-term fading r0(t) is given by, 

 

This shown in figure (b). The short term fading component r0(t) exhibits a Rayleigh distribution. 

Hence, it is known as Rayleigh fading. 

 

Mobile Fading Characteristics. 

Since the antenna height of the mobile unit is lower than its typical surroundings and the 

carrier frequency wavelength is much less than the sizes of its surrounding structures, multipath 

waves are generated. At the mobile unit, the sum of multipath waves, causes the fluctuations in 

signal in a particular range of bandwidth (i.e., about 40 dB).  This phenomenon is popularly known 

as signal fading. 
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The multipath waves bounce ‘back and forth’ due to the buildings and houses, they form 

many standing wave pairs in space which are summed together and become an irregular wave 

fading structure. When a mobile unit is standing still, a constant signal is observed. But if the 

mobile unit is moving, the fading structure of wave in the space is received.  It   is known as 

multipath fading. 

Therefore, the characteristics of mobile fading are changed by the following components, 

i. The radius of the active scatter region 

 
ii. standing waves expressed in a linear scale and log scale 

 
iii. First order and second order statistics of fading 

 
iv. Delay spread and coherence bandwidth. (i)The 

Radius of the Active Scatter Region 

The radius of the active scatter region at 850 MHz can be roughly 100wavelengths. Always the 

active scatter region moves with the mobile unit as its center. It means that some houses were 

inactive scatters and became active as the mobile unit approached them, some houses which are 

active scatters become inactive as the mobile unit drive away from them. 

 

(ii)Standing Waves Expressed in a linear scale and log scale 

The symmetrical waveform in a log plot becomes an unsymmetrical waveform when plotted in 

linear scale. Hence, it is clear that the sine waveform in a log scale becomes a complete different 

waveform when expressed on a linear scale and vice-versa which indirectly causes change in fading. 
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First Order and Second Order Statistics of Fading 

When the mobile unit is moving, generally the fading occurs on the signal reception. The 

first order characteristics such as average power probability cumulative Distribution Function 

(CDF) and bit error rate are independent of time. Whereas the second order characteristics, such 

as level crossing, average duration of fades and word rate either time or velocity related functions. 

So the mobile fading may be changed depending upon these characteristics. 
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Delay spread and coherence bandwidth 

In mobile radio environment, as a result of multipath reflection phenomenon, the signal 

transmitted at the cell site reach the mobile unit takes different paths. 

The radio signal can take two paths 

i. Direct path 

ii. Indirect path. 

(i) Direct Path 

The signal from cell site to mobile unit is called “direct path” and the angle of direct path is denoted 

by 1. 

(ii) Indirect Path 

The signal from cell site to surface and surface to the mobile unit is “indirect path”. The angle is 

known as reflection angle (or) elevation angle. 

Each path has a different path length, the time arrival of each path is different. 

For an impulse transmitted at the cell site, by the time this impulse is received at the mobile unit 

it is no longer an impulse but rather a pulse with a spread width, we call “delay spread”. 

The value of the delay spread is varied depending upon the type of environment. 

 

Type of Environment Delay Spread s

1. Open area <0.2 

2. Urban area 3 

3. Suburban area 0.5 

4. Inside the building <0.1 

 

Delay Spread 

In the mobile communication, due to the occurrence of multipath reflection, the signal 

conveyed from a cell site will travel through different path and appear at a mobile unit. Because 

every single path has a distinct path length, the time of arrival for every single path at a mobile 

unit is different. For instance, if an impulse signal is transmitted from the cell site, then by the time 

it reaches a mobile unit it will be a ‘pulse’ with a spread width  known as delay spread. 
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Typical values of delay spread in various environments is shown in table below. 

Type of Environment Delay Spread s

1. Inside the building  <0.1 

2. Open area <0.2 

3. Suburban area 0.5 

4. Urban area 3 

Coherence Bandwidth 

Coherence bandwidth is defined as, the bandwidth in which either amplitudes (or) the 

phases of two received signals have a high degree of similarity. It is a statistical measurement of 

the range of frequencies over which the channel can be considered “flat”, or in other words the 

approximate maximum bandwidth or frequency interval over which two frequencies of a signal 

are likely to experience comparable or correlated amplitude fading.     If  the  multipath  time  delay  

spread  equals  seconds,  then  the    coherence 

Bandwidth Wc in hertz is given approximately by the equation, 

 

For cellular communication in an urban area the coherence bandwidth is, 

 

 

Since,   for urban areas from table, Wc= 53Khz. 

Amplifier noise in the cellular system 

The amplifier present either at cell site or at the mobile unit will amplify the mobile radio signal 

received by the receiving antenna. Consider the available noise power at the output of amplifier is 

N0 and the available power gain is ‘g’. 

Therefore if input signal to noise (S/N) ratio PS  / Ni The output signal to noise ratio is P0/N0 and 

the internal amplifier noise is N0. 

Then the output ‘P0/N0’ becomes. 
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The noise figure of an amplifier (F) is given by,  

 

 

 

 

Since, (Ps/KTB) is the maximum possible signal to noise (S/N) ratio when load is open circuit. 

Therefore from equations (1) and (2) we get  

 

Hence, the noise figure is a reference measurement between a minimum noise level due to 

thermal noise and the noise level generated by both the external and internal noise of an amplifier. 

Accordingly the mobile radio signal passing through the radio systems is by amplifier noise. 

Hexagonal- shaped cells 

 
We have to realize that hexagonal shaped communication cells are artificial and that such a 

shape cannot be generated in the real world. Engineers draw hexagonal-shaped cells on a layout to 

simplify the planning and design of a cellular system because it approaches a circular shape that is 

the ideal power coverage area. The circular shapes have overlapped areas which make the drawing 

unclear. The hexagonal shaped cells do not have overlapping areas. Today, these hexagonal shaped 

cells have already become a widely promoted symbol for cellular mobile systems. 

 

Operation of Cellular system:  

Mobile Unit Initialization 

When a cellular phone is turned-on-but is not yet engaged in a call, it first scans the group 

of forward control channels to determine the one with the strongest signal and then monitors that 

control channel until the signal drops below a usable level. At this point, it again scans the control 

channels in search of the strongest base station signal. For each cellular system the control 

channels are defined and standardized over the entire geographic area covered. Since the control 

channels are standardized and are identical throughout different markets within the country or 

continent, every phone scans the same channels while idle. 

Network Originated Call 

When a telephone call is initiated by a landline subscriber to connect a mobile user, the 

Mobile switching Center (MSC) forwards the request to all base stations in the cellular system.  
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The mobile identification number, which is the subscriber’s telephone number, is then 

broadcast as a paging message over all of the forward control channels throughout the cellular 

system. The mobile receives the paging message sent by the base station which it monitors and 

responds by identifying itself over the reverse control channel. 

 The base station relays the acknowledgement sent by the mobile and informs the MSC of 

the handshake. Then, the MSC instructs the base station to move the call to an unused voice 

channel within the cell. AT this point the base station signals the mobile to change the frequencies 

to an unused forward and reverse voice channel pair, at which point another data message (called 

an alert) is transmitted over the forward voice channel to instruct the mobile phone to ring, thereby 

instructing the mobile user to answer the phone. 

Mobile Originated Call 

When a mobile originates a call, call initiation request is sent on the reverse control 

channel. With the request the mobile unit transmits its telephone number (MIN), Electronics Serial 

Number (ESN) and the telephone number of the called party.  The cell base station receives this 

data and sends it to the MSC.  The MSC validates the request, makes connection to the called 

party through the PSTN and instructs the base station and mobile user to move to an unused 

forward and reverse voice channel pair to allow conversation to begin. 

Call Termination 

When the cellular phone is turned off, a signaling tone is conveyed to the cell site, which 

frees the voice channel at both the ends. 

Handoff 

Once a call is in progress, the MSC adjusts the transmitted power of the mobile and 

changes the channel of the mobile unit and base station in order to maintain call quality as the 

subscriber moves in and out of range of each base station. This is called a handoff. Special control 

signal is applied to the voice channels, so that the mobile unit any be controlled by the base station 

and the MSC while a call is in progress. 

Planning of cellular system 

Planning is very crucial in the design of cellular system. The service provided by the system 

is poor if we does not have the skill to develop a good plan. Initially, we must find out two 

elements. 

1. Regulation 

2. Market situation. 

Regulation The federal regulations controlled by the Federal communications Commission (FCC) 

are similar in every part of the United States. The regulation may vary from state to state and 

within the state, each city and town have their own building codes and zoning laws. So, we must 

be acquainted with all rules and regulations. 
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Market Situation 

The marketing division has to manage three tasks.  They are, 

(i) Prediction of gross income 

(ii) Understanding competitors 

(iii) Decision of geographic coverage. 

(i) Prediction of gross income 

In this task we have to find out the population of the market area (in which we are constructing 

the cellular system). We also need to find out the average income, business types and business 

zone.  All this information is utilized to predict the gross income. 

(ii) Understanding competitors 

We must have a knowledge of the competitor’s coverage area, system performance and the 

number of customers the competitor is serving. To overcome the competition, we must design a 

system that provides unique and magnificent service. 

(iii) Decision of geographic coverage. 

In this task, we need to answer the following questions before passing the decisions onto the 

engineering department. 

(a) What general area should ultimately be covered? 

(b) What near-term service can be provided in a limited area? 

 

Analog and Digital Cellular systems  

NTT Network 

NTT is acronym for Nippon Telegraph and Telephone Corporation. The corporation has 

developed an 800MHz land mobile telephone system in the year 1979 to provide service to Tokyo 

area. The operation of this system is analogous to AMPs system. The system provides service to 

approximately 40000 subscriber 500 cities. It serves 60 percent of Japan’s population, covers 25 

percent of livable areas and assist 75 percent of Japan cities. 

As on February 1985, in Japan there are  

9Automobile switching Centers (ASCs) 

51 Mobile control stations (MCSs)  

465 Mobile Base Stations (MBSs) 

39000 Mobile Subscriber Stations (MSSs) 
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In operation, around 30,000 subscribers are served in the metropolitan Tokyo area by the Japanese 

mobile telephone network. The structure of the network is as shown in figure (a). The system 

functions with a total bandwidth of 30MHz and contains 600 channels each with a bandwidth of 

25 kHz. 

Advanced Mobile Phone Systems (AMPS): 

AMPS is the analog mobile [phone system developed by Bell labs and officially introduced 

in America in 1983 and Australia in 1987. It was the primary analog phone system in North 

America through the 1980’s and into the 2000’s. AMPS isb the first-generation cellular technology 

that uses separate frequencies or “Channels” for each conversation. It therefore requires 

considerable bandwidth for a large number of users. In  general terms AMP is very  similar  to  the  

older  “0G”  (Zero-Generation)  improved  mobile  telephone  service,  but      uses considerably 

more computing power in order to select frequencies, handoff conversations  to  PSTN lines, and 

handle filling and call setup. 

In AMPS, the cell centers can flexibly assign channels to handsets based on signal strength, 

allowing the same frequency to be reused in various locations without interference. This allowed   

a large number of phones to be supported over a geographical area. 

In suffered from some weakness when compared to today’s digital technologies. Since it 

is an analog standard, it is very susceptible to static noise and has no protection from 

eavesdropping using a scanner. In the 1990s, “cloning” was an epidemic that cost the industry 

millions of dollars. An unscrupulous eavesdropper with specialized equipment can intercept a 

headset Electronic Serial Number (ESN) AND Mobile Identification Number (MIN). The ESN is 

a packet of data which is sent by handset to the cellular system for billing activities effectively 

identifying the phone on the network. The system then allows or disallows calls and or features 

based on its customer file. If an ESN/MSN pair is intercepted, it could then be cloned on to a 

different phone and used in other areas for making calls without paying. 

AMPS has been replaced by newer digital standards such as digital AMPS, GSM  and  

CDMA2000 which brought improved security as well as increased capacity though cloning is   still 

possible even with digital technologies. The cost of wireless service is so low that the problem has 

virtually disappeared. 

AMPS and D-AMPS are now being replaced by either CDMA 2000 or GSM, which allows higher 

capacity data transfers for services such as WAP, multimedia messaging system and wireless 

internet access. 
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The Evaluation of the Analog and Digital Cellular Mobile System 

Cellular telephone systems can be “analog” or “digital” older systems (AMPS, 

TACs, NMT) are analog and newer systems (GSM, PCs) are “digital”. 

The major difference between the two systems is, how the voice signal is transmitted 

between     the phone and base station. Analog and “Digital” refer to this transmission 

mechanism. It like audio cassettes and CDs. Audio cassettes are analog and CDs are digital. 

In either system, the audio at the microphone always starts out as a voltage level that varies 

continuously over time. High frequencies cause rapid changes and low frequencies cause 

slow changes. With analog system, the audio is directly modulated on to a carrier. This is 

very much like FM (not identical) radio where the audio signal is translated to the RF 

signal. 

With digital systems, the audio is converted to digitized samples at about 800 samples per 

second so. The digital samples are numbers that present the time varying level at specific 

points in time. The samples are now transmitted as 1’s and 0s’. At the other end the samples 

are converted back to voltage levels and “smoothed out” so that, you get about the audio 

signal. 

With analog transmission interference (RF noise or some other anomaly that affects the 

transmitted signal) gets translated directly into the recovered signal there is no “check” that 

the signal make sense. The neat thing about the digital is that the 1s’ and 0s’ cannot be 

easily confused or distorted during transmission, plus extra data typically included in the 

transmission   to help, detect and correct any errors. 

 

Difference between the analog and digital cellular systems with their operating 

capacities: 

The most commonly used digital cellular system in America is IS-136, colloquially 

known as D-AMPS. This system is all digital, unlike the analog AMPS. IS-136 uses 

multiplexing technique called TDMA or time division multiple access.  The TDMA based 

IS- 136 puts three calls into the same 30 kHz channel space that AMPS uses carry one call. 

AMPS is analog cellular system. 

TDMA is a transmission technique or access technology while IS-136 or GSM are 

operating systems. Similarly, AMPS is an operating system using FDMA access 

technology or transmission technique. FDMA is the acronym for frequency division 

multiple access. Frequency division means calls are placed or divided by frequency that is 

one call goes on frequency, say 100MHz and another call goes on 200MHz.  
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Multiple access means the cell site can handle many calls at once. Time division 

multiple access handles multiple and simultaneous calls by dividing them in time, not by 

frequency.  This is purely digital transmission.  Voice traffic is digitized and portions of 

many calls are put into a single bit stream, one sample at a   time. 

TDMA’s chief benefit to carriers or cellular operations comes from increasing call 

capacity. A channel can carry three conversations instead of just one. The analog systems 

like AMPS, NAMPS locked the error correction that digital system provided and  are  not  

sophisticated enough to handle encryption or advanced services, like calling number  

identification, extension phone service and messaging. 

The most noticeable disadvantage that is directly associated with the digital systems 

is the additional bandwidth necessary to carry the digital signal as opposed to it analog 

counterpart.   A standard T1 transmission ink carrying a DS-1 signal transmits 24 voice 

channels of    about 4 kHz each. The digital transmission rate on the link is 1.544 Mbps and 

the bandwidth required is about 772 kHz.   Since, only 96 kHz would be required to carry 

24 analog channels (4 KHz * 24), about 8 times as much bandwidth is required to carry the 

digital signals (722 kHz 196 = 8.04). The extra bandwidth is effectively traded for the lower 

signal to noise ratio. 

Another important drawback of digital cellular systems is audio quality. Analog 

cellular phones sounds worlds better. In poor signal areas or when cell sites are struggling 

with high call volume. Digital phones often lose full duplex capability and your voice may 

break up and sound garbled. 

Differentiate the generations in the cordless phones and cellular phones. 

Cellular Phones In 1945, the zero Generation (OG) of mobile telephones was introduced. 

OG mobile phones, like mobile telephone service, were not cellular, and so did not feature 

"handover" from one base station to the next and reuse of radio frequency channels. Like 

other technologies of the time, it involved single, powerful base station covering a wide 

area, and each telephone would effectively monopolize a channel over that whole area 

while in use. The concepts of frequency reuse and handoff as well as a number of other 

concepts that formed the basis of modern cell phone technology are first described in U.S. 

patent 4, 152,647 issued on May 1, 1979 to Charles A. Gladden and Martin H. Parelman, 

and assigned by them to the United States Government.   This is the first embodiment of 

all the concepts that formed the basis of the next major step in mobile telephony, the analog 

cellular telephone. 

The first commercial city wide cellular network was launched in Japan by NTT in 

1979. Fully automatic cellular networks were first introduced in the early to mid-1980s (the 

IG generation). The Nordic Mobile Telephone (NMT) system went on-line in Denmark, 

Finland, Norway and Sweden in 1981. 
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Personal Handy-phone system and modems used in Japan around 1997-2003. In 

1983, Motorola Dyna TAC was the first approved mobile phone by FCC in the United 

States.  In 1984, Bell labs developed modern commercial cellular technology, which 

employed multiple, centrally controlled base stations (cell sites), each providing service to 

a small area (a cell). The cell sites would be set up such that cells partially overlapped. In 

a cellular system a signal between a base station (cell site) and a terminal (phone) only 

need, be strong enough to reach between the two, so the same channel can be used 

simultaneously for separate conversations in different cells. 

The first "modern" network technology on digital 2G (Second Generation) cellular 

technology  was launched by Radiolinja in 1991 in Finland on the GSM standard which 

also marked the introduction of competition in mobile telecoms when Radiolinja 

challenged incumbent Telecom Finland who ran a I G NMT network. 

The first data services appeared on mobile phones starting with person-to-person 

SMS text messaging in Finland in 1993. First trial payments using a mobile phone to pay 

for a Coca Cola vending machine were set in Finland in 1998. The first commercial 

payment system to mimic banks and credit cards was launched in the Philippines in 1999 

simultaneously by mobile operators Glove and Smart. The first content sold to mobile 

phones was the ringing tone, first launched in 1998 in Finland. The first full internet service 

on mobile phones was i-mode introduced by NTT DoCoMo in Japan in 1999. 

In 2001 the first commercial launch of 3G (third generation) was again ill Japan by 

NTT DoCo1Vlo on the WCDMA standard. Until the early 1990's.  most mobile phones 

were too large to be earned in a Jacket pocket, so   they were typically installed in vehicles 

as car phones with the miniaturization of digital components and development of more 

sophisticated batteries, mobile phones have  become  smaller and lighter. George Sweigert, 

an amateur radio operator and inventor from Cleveland, Ohio, is largely recognized as the 

father of the cordless phone. He submitted a patent application in 1966 for a "fulduplex 

wireless communication apparlus". The U.S. patent and trademark office awarded him a 

patent in June of 1969. Sweigert, a radio operator in World War II stationed at the south 

pacific islands of Guadalcanal and Bouganville, developed the full duplex-concept for 

untrained personnel, to improve battlefield communications for senior commanders. He 

was also licensed as W8ZIS and N9LC in the amateur radio service. He also held a first 

class radio telephone operator's permit issued by the Federal Communications 

Commission. 

  In the 1980's a number of manufacturers, including Sony, introduced cordless 

phones for the consumer market. They used a base station that was connected to' a 

telephone line and a handset with a microphone, speaker, keypad and telescoping antenna. 

The handset contained a rechargeable battery, typically Ni Cd. The base unit is powered by 

household current, via a wall wart. The base included a charging cradle, which was 

generally a form of trickle charger, on which the handset rested when not in use. 
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Some cordless phones now utilize two rechargeable AA or AAA batteries in place 

of the more expensive traditional proprietary telephone batteries cordless phones because 

commercially feasible. In the United States only with the breakup of the Bell systems 

monopoly on land-line telephone service around 1984. Before breakup, all telephones were 

made by Western electric and rented to the customer. 

Since the 1980s, several companies have entered the cordless phone market: V-

Tech, Uniden, Philips, Giga Set and Panasonic. They advertise many new features, a few 

provided by the phone and most provided by the network. 

Consideration of the components of Cellular systems 

The elements of cellular mobile radio system are mobile radios, antennas, cell site 

controller and MTSO.  These will effect the system design if not selected property. 

Antennas: 

Antenna pattern, antenna gain antenna tilting and antenna height effect the design of cellular 

system.  The antenna pattern can be omni directional, directional or any shape in both the 

vertical and horizontal planes. Antenna gain compensates for the transmitted power.  The 

antennas will effect the system performance at cell site and mobile units. 

The antenna patters in cellular systems are different from free space.  If mobile   unit travels 

around a cell site having buildings, omni directional antenna is not omni pattern. Also the front 

to back ratio of a directional antenna is found to be 20db in free space and will be 10db at cell 

site. 

Antenna tilting reduce the interference to the neighboring cells and increase the weak spots in 

the cell.  Also the height of the cell-site antenna can effect the area and shape of the coverage 

in the system. 

 

Switching equipment 

The capacity of switching equipment in cellular system is based on the capacity of the 

processor associated with switches. The processor should be large in big cellular system. The 

service life of the switching equipment is determined by the time period it takes to reach its 

full capacity.  If the equipment is modular, modules can be added to meet the demand. In future 

trend, the switching equipment can link to other switching equipment so that a call can be 

carried out form one system to another system without dropping a call. 

Data links 

Each Data link can carry multiple channel data (10Kb data transmitted per channel) from the 

cell site to the MTSO.   This fast speed data cannot be passed on telephone lines but special 

devices are needed. The data can be multiplexed on many channels passing on micro-wave 

radio line at higher frequencies (>850MHz) or wide band T- carrier wire line. 
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CELLULAR CONCEPTS: 

Evolution of cellular systems:  

Mobile wireless technologies is a system used by cellular telephone manufacturers and 

service providers to classify wireless communication into several generations, Each 

generation is characterized by new frequency bands, higher data rates and non–backward 

compatible transmission technology.in recent past mobile wireless technologies have 

undergone technology evolution from 0G TO 4G. More research is being carried 

purposely to introduce a newer shift with more efficiency and advanced functionalities 

and capabilities compared to the previous. 

 

1. Zero generation (0G) 

This is the generation which came before cell phones mobile telephony technology. They 

were introduced before the first generation of cellular telephones, therefore labeled zero 

generation systems. Such technologies include radio telephones mostly used in cars. 

Mobile radio telephone systems came before modern cellular mobile telephony 

technology. 

 

2. First generation (1G) 

The first commercially automated cellular network (1G) was launched in the year 1979 in 

Japan. This forms the first generation of cell phones, labeled as analog cell phones. It was 

used for voice communications and were cordless. This phase of technology used a 

technology called Advanced Mobile Phone System (AMPS). Advanced Mobile Phone 

System was frequency modulated and used frequency division multiple access (FDMA). 

The difference between the first and previous technology of mobile phones was the use of 

multiple cell sites, and the ability to transfer calls from one site to the next as the user 

traveled between cells during a conversation. 

3. Second generation (2G) 

The second generation wireless mobile communication system was introduced in the 

1980s.This generation was very imperative since it forms the start of digital cellular 

technology. Makes use of digital signals for voice transmission, has a higher bandwidth 

(30-200 KHz).and above all supports services such as short message services (SMS), 

picture messages and multimedia message services (MMS). SMS text messaging became 

possible and widely used, initially supported by Global System for Mobile 

Communication (GSM) networks and eventually on all digital networks. Use of SMS 

today is a communication mostly preferred by the youths.  
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Also many advanced markets the general public prefers sending text messages rather than 

placing voice calls.The second generation introduction saw many communication 

benefits and among them are, Digital signals require to consume less battery power, so it 

helps mobile batteries to last long. Digital coding improves the voice clarity and reduces 

noise in the line while conversing, therefore interruptions in are widely reduced. Digital 

signals are considered environment-friendly. Digital encryption has provided secrecy and 

safety to the data and voice calls, therefore, security is improved. Security is a key factor 

which has been the main concern to every cellular technology user. 

 

4. 2.5 generation (2.5G.) 

This cellular wireless technology was developed after the 2G and before the 3G.this 

technology was not popular among the general public as it saw fewer improvements.it 

mainly used GPRS (General Packet Radio Service). GPRS could provide data rates and 

can also be used for services such as Wireless Application Protocol (WAP) access, 

Multimedia Messaging Service (MMS), and for Internet communication services such as 

email and World Wide Web access. 

5. 2.75 generation (2.75G) 

This technology is basically labeled as the EDGE (Enhanced Data rates for GSM 

Evolution) .some advantages include, it allows the clear and fast transmission of data and 

information speed (up to 384kbit/s) Generally, the spread of and the use of 2G phones 

became more widespread and people began to use mobile phones in their day to day 

lives, this led to high demand for data services (example, access to the internet) and 

greater data speeds. Therefore this saw a need to introduce a better performance cellular 

technology and therefore 3G was introduced to cater for such demands. 

6. Third generation (3G) 

This generation of wireless mobile communication technology system was introduced in 

the year 2000. The objective is to offer increased data rates (from 144kbps to384kbps) in 

wide coverage areas and 2Mbps in local coverage areas. This technology is very 

improved compared to 1G,2G, along with voice communication it includes data services, 

access to television/videos, Web browsing, e-mail, video conferencing, paging, fax and 

navigational maps. It has a high bandwidth (of 15-20MHz) used for high-speed internet, 

video chatting. 3G technology revolution saw a great transformation in the industry for 

the first time, 3G technology enabled media streaming of radio and even television 

content. Later other versions were introduced as 3G improvement these are, 3.5G and 

3.75G but not widely popular. 
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7. Fourth generation (4G) 

This technology was introduced after the third generation. The main objective of 4G 

technology was to provide high speed, high quality, high capacity, security and low-cost 

services for voice and data services, multimedia and internet over internet protocol. 

4G is a great technology in that it has optimized data with high-speed improvement, more 

bandwidth, high-quality video and audio streaming over end to end Internet Protocol 

One of the main ways in which 4G differ from 3G was by doing away with circuit 

switching, instead of employing an all internet protocol network. Another advantage of 

4G is that, apart from usual voice and other services of 3G technology, 4G provides 

mobile broadband Internet access, example to laptops with wireless modems, 

smartphones, and to other mobile devices. Most remarkable current applications of 4G, 

include amended mobile web access, internet protocol (IP) telephony, gaming services, 

high-definition mobile television, video conferencing, 3D (dimension) television, and 

cloud computing. 

 

8. Fifth generation (5G) 

This is the generation which is under development. Majorly will be an improvement from 

the 4G technology. The following are some characteristics and requirements expected to 

be attached with the release of the 5G as defined by Next Generation Mobile Networks 

Alliance. Data rates of several tens of Mb/s should be supported for tens of thousands of 

users, several hundreds of thousands of simultaneous connections to be supported for 

massive sensor deployments among others. This alliance feels that 5G should be 

introduced out by 2020 to meet business and consumer demands. Major improvements 

expected on 5G are, Provide large broadcasting of data in Gigabit, use different 

modulation techniques and error-control techniques, provides hundreds of channels 

without streaming, technology support for virtual network, offers bi-directional 

bandwidth and less traffic among others.  

Cellular mobile technology has improved over the years to meet different consumer 

requirements. This has influenced greatly day to day communication way of lives. 
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Concept of frequency reuse channels: 

 
A radio channel consists of a pair of frequencies for duplex operation, one frequency 

for each direction of transmission. A particular radio channel (say F) is used in one 

geographic zone to call a cell (say C1) with a coverage radius R can be used in another cell 

with the same coverage radius at a distance ‘D’ away. 

In the frequency reuse system, users in different geographic locations (different cells) 

must simultaneously use the same frequency channels. The frequency reuse system will 

increase the spectrum efficiency but if the system is not designed properly by serious 

interference problems may occur. Interference due to common use of the same channel is 

called co-channel interference. 

 

Frequency reuse scheme:  

Frequency reuse in the time domains results occur of the same frequency in different time 

slots and is called Time Division Multiplexing (TDM). Frequency reuse in the space domain 

is divided into two categories: 

1) Same frequency assigned in two different geographic areas (AM or  FM) 

2) Same frequency repeatedly used in a same general area in cellular systems. There are many 

co-channel cells in the system. The total frequency allocation divided k frequency reuse 

patterns as shown in fig. for k = 4, 7, 12 and 19. 
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Frequency reuse Ratio (distance):  

The minimum distance which allows the same frequency to be reused depends on 

- Number of co-channel cells around a particular center cell. 

- The type of geographic terrain contour 

- The antenna height. 

The frequency reuse distance ‘D’ is given by 

 

Where k is frequency reuse pattern 

 

 

 

 

The ratio of D/R 

 

 

 

If all the cell sites transmit the same power, when k increases, the frequency reuse distance 

D increases. This increase in D, reduce the chance of co-channel interference. Generally 

large k value is desired.  However the number of channels is fixed. 

When k is too large, the member of channels assigned to each of k cells becomes 

small. If the total number of channels in k-cells is divided as k-increases and results in 

trunking in efficiency. If the total number of channels are divided into two networks serving 

in the same area, spectrum inefficiency increases. 

Number of channels in a cellular systems: 

 

At present total number of channels is 832. But most mobile units are still operating 

on 666 channels. 

A channel consists of two frequency channel bandwidth one in the low band and the 

other in the high band. The two frequencies in channel 1 are 825.03MHz (mobile transmit) 

and 870.03MHz (cell site transmit). The two frequencies in channel 666 are 844.98MHz 

(mobile transmit) and 889.98MHz (cell-site transmit) 

The 666 channels are divided into A-Group and B-Group with each block having 333 

channels as shown in .fig 
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There are 312 voice channels in each block and 42 set-up channels are assigned in the 

idle of blocks A and B. 

Grouping into sub-sets: 

Since there are 21 set-up channels (42/2) for each system, the remaining 312 voice 

channels in each system can be divided into 21 sub-sets and each sub consists of 16 voice 

channels. These voice channels are made into one FRAME and connected to a channel 

combiner.  In a seven cell freq reuse system, each cell contains 3-sub sets. The minimum 

separation between three subsets is 7 channels. 

Trunking and blocking Efficiency: To explore the trunking efficiency degradation 

inherent in licensing two or more carriers rather than one, compare the trunking efficiency 

between one cellular system per market operating 666 channels and two cellular systems per 

market each operating 333 channels. Assume that all frequency channels are evenly divided 

into seven subareas called cells. In each cell, the blocking probability of 0.02 is assumed. Also 

the average calling time is assumed to be 1.76   min. 
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With N1=666/7 = 95 and B= 0.02 to obtain the offered load A1 =83.1 and with 

N2=333/7=47.5 and B=0.02 to obtain A2= 38. Since two carriers each operating 333 channels 

are considered, the total offered load is 2A. We then realize that 

By converting above eqn. to the number of users who can be served in a busy hour, the 

average calling   time  of  1.76  mm  is  introduced.  The  number  of  calls  per  hour  served  

in  a  cell  can  be  expressed as 

Fig: degradation of trunking efficiency 

 

The trunking efficiency factor can be calculated  as 

For a blocking probability of 2 percent, Figure 13 shows, by comparing one carrier per market with 

more than one carrier per market situations with different blocking Probability conditions. The 

degradation of trunking efficiency decreases as the blocking probability increases. As the number 

of carriers per market increases the degradation increases. However, when a high percentage of 

blocking probability, say more than 20 percent, occurs, the performance of one carrier per market 

is already so poor that further  degradation becomes insignificant, as above fig. 
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Required Grade of Service: 

The blocking probability of 0.02 for initiating calls at the busy hour. To decrease blocking 

probability requires good system plan and sufficient number of radio channels. The traffic 

carried by the system is generally lower than the actual traffic offered to the system by the 

subscribers. The overload traffic is rejected and hence is not carried by the network. The 

amount of traffic rejected by the network is an indication of the quality of service offered 

by the system. This is termed as Grade of Service (GOS) and is defined as ratio of lost 

traffic to offered traffic. The smaller the value of grade of service, the better is the service.  

The recommended value of GOS is 0.02 for initiating calls at the busy hour. The GOS 

value is not same for all cells sites. Due to heavy automobile traffic near freeways during 

busy hours the GOS value is greater than 2 percent at some cell sites. A good system plan 

and adequate number of radio channels are required to decrease the value of Grade of 

Service (GOS). 

Number of Dropped calls During Q calls in an hour, if a call is dropped (Q-1 calls 

completed), then the call   drop ratio is 1/Q and this rate must be kept low. A high drop rate 

will be caused by either coverage problems or hand off problems (due to limited channel 

availability). 

Special features: 

The special features like call forwarding, call waiting, automatic roaming etc. are to    be 

provided. 

Cellular structures: macro, micro, pico & femto cells. 

Macro cells: A macrocell or macrosite is a cell in a mobile phone network that provides 

radio coverage served by a high power cell site. The antennas for macrocells are mounted 

on ground-based masts, rooftops and other existing structures, at a height that provides a 

clear view over the surrounding buildings and terrain. The term macrocell is used to 

describe the widest range of cell sizes. Macrocells are found in rural areas or along 

highways.  

Micro cells: A microcell is a cell in a mobile phone network served by a low 

power cellular base station (tower), covering a limited area such as a mall, a hotel, or a 

transportation hub. Typically the range of a microcell is less than two kilometers wide, 

whereas standard base stations may have ranges of up to 35 kilometres (22 mi). Microcells 

are usually used to add network capacity in areas with very dense phone usage, such as 

train stations. Microcells are often deployed temporarily during sporting events and other 

occasions in which extra capacity is known to be needed at a specific location in advance. 

Pico cells: A picocell is a small cellular base station typically covering a small area, such 

as in-building (offices, shopping malls, train stations, stock exchanges, etc.), or more 

recently in-aircraft.In cellular networks, picocells are typically used to extend coverage to 

indoor areas where outdoor signals do not reach well and range of a picocell is 200 meters 

or less 
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Femto cells: femtocell is a small, low-power cellular base station, typically designed for 

use in a home or small business. 

Comparison of all in terms of area: 

The term macrocell is used to describe the widest range of cell sizes. Macrocells are found 

in rural areas or along highways. Over a smaller cell area, a microcell is used in a densely 

populated urban area. Pico cells are used for areas smaller than microcells, such as a large 

office, a mall, or train station. Currently the smallest area of coverage that can be 

implemented with a femtocell is a home or small office. 

 

Cell splitting: 

To improve the utilization of spectrum efficiency, the frequency reuse and cell 

splitting are the concepts. When the traffic density increases and the frequency channels Fi 

in each cell Ci cannot provide sufficient mobile calls, the original cell can be split into 

smaller cells. Usually the new radius is one half the original radius as shown in fig.2there 

are two ways, that is using original cell site fig. and not using original cell  site 

 

 

 

 

 

 

 

 

 

 

 

 

 

Let each new cell carry the same maximum traffic load of the old cell, then 

 

 

There are two kinds of cell splitting: 
 

(1) Permanent Splitting:  

For installation of new split cell, it is necessary to plan the number of 

channels, the transmitted power, the assigned frequencies, choosing of cell – site selection 

and the traffic load condition. When the system is ready after splitting,  the service cutover 

should be set at the lowest traffic point (midnight and at week end) and only few calls will 

be dropped in this cut over and assuming that  the down time of the system is within 2 

hours. 
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(2) Dynamic splitting 

This is for utilizing the allocated spectrum efficiency in real time. The algorithm for 

dynamically splitting cell sites is a difficult job. 

The transmitted power for a new cell of reduced size must be 12db less  than the old 

transmitted power when the cell splitting occurs, and the value of frequency re-use ratio (q) 

is always held constant. The traffic load can be increased to four times in the same area after 

the original cell is split into four sub-cells.  Each sub-cell can again be  split  into  four  sub-

cells,  which  allow  the  traffic  to  increase  16times. As splitting continues, new traffic load 

is four times the traffic load of startup cell, where n is the number of splitting. For n=4, the 

traffic load is 256 times larger than the startup cell. 

 
Splitting limitations 

(1) Radio aspect - the size depends on coverage pattern control and accuracy of vehicle 

locations. 

(2) The capacity of switching processor: The small the cells, more handoffs will occur and 

the capacity of a switching processor is larger than that required for coverage areas of 

small cells. 

Sectorized Cells: There are three basic types. 

1. The 120◦-sector cell is used for both transmitting and receiving sectorization. Each 

sector has an assigned a number of frequencies. Changing sectors during a call requires 

handoffs. 

2. The 60◦-sector cell is used for both transmitting and receiving sectorization. Changing 

sectors during a call requires handoffs. More handoffs are expected for a 60◦ sector than 

a 120◦ sector in areas close to cell sites (close-in areas). 

3. The 120◦ or 60◦-sector cell is used for receiving sectorization only. In this case, the 

transmitting antenna is omnidirectional. The number of channels in this cell is not sub- 

divided for each sector. Therefore, no handoffs are required when changing sectors. This 

receiving sectorization only configuration does not decrease interference or increase the 

D/R ratio; it only allows for a more accurate decision regarding handing off the calls to 

neighboring cells. 
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UNIT-II INTERFERENCE 

Types of interference:  

 The common types of interference in cellular networks are: self-interference, multiple 

access interference, co-channel interference (CCI) and adjacent channel interference 

(ACI). Self-interference is induced by signals that are transmitted on a shared transmitter. 

Multiple access interference is induced by transmission from multiple radios using the 

same frequency resource. CCI occurs in links that re-use the same frequency channel. 

ACI is the interference induced between links that communicate in the same geographical 

location using neighboring frequency bands.  

Introduction to co-channel interference and types. 

Co channel interference is generated when two or more independent (modulated or 

unmodulated) are transmitted simultaneously in the same frequency band. The same 

frequencies (frequency bands) are reused many times. Frequency reuse leads to CCI- limited 

system designs. 

Application of the co channel interference reduction factor cell reuse pattern (K=7) is 

already described.  In most mobile radio environments, use of   a 7-cell reuse pattern is not 

sufficient to avoid co-channel interference. Increasing K>7, would reduce the number of 

channels per cell and this also reduce spectrum efficiency. There-fore to retain the same 

number of radios as the 7-cell system by sectoring the cell and this will reduce co-channel 

interference. 

Co channel Interference area from a mobile receiver: 

The areas of the holes in mobile telephone coverage area result in call drops during 

customer conversation. When customer demand increases, the channels which are limited in 

number have to be reused in different areas and provide many co channel cells which 

increase the system capacity. In this situation the received voice quality is reduced and also 

increase co-channel interference. For detection of serious channel interference areas in a 

cellular system this test is carried out. 

Co channel interference which occurs in one channel will occur equally in all other 

channels in a given area.  We can measure co channel interference as shown in fig. by 

selecting any one channel for reception and transmitting on the same channel at all co 

channel sites at night, while the mobile is traveling in one of the co channel cells. 

One channel (f1) records the signal level (no co channel condition), another  channel 

(f2) records the interference level six co channel condition and is maximum and    is while 

the 3rd channel receives (f3) noise which is not is  use. 

 

 

 

 

 

 

 

 

 

Co channel interference at the mobile unit 
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As the readings are taken in db, the carrier to Interference ratio (C/I) is obtained by subtracting 

the result obtained F2 from the result obtained from f1 that is (C-I). 

The carrier of Noise (C/N) is obtained by subtracting the result of f3 from f2 result. For 

comparing the results the following 4-conditions are used. 

(1) If C/I is greater than 18db throughout the cell, then the system is properly designed. 

(2) If C/I is less than 18db and C/N is greater than 18db in some areas, there is co channel 

interference. 

(3) If C/N and C/I are less than 18db and C/N C/I, in a given area, there is a coverage 

problem. 

(4) If both C/N and C/I are less than 18db and C/N > C/I in given area there is both coverage 

and interference problem. 
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Assume S(t), I(t), 1 and 2 are random variables and are independent the signal to 

interference ratio () 

 

 

The computation of can be obtained by means of an envelope detector and analog to 

digital converter and a microcomputer. The sampling delay time t should be small 

enough to satisfy.              And  

 

Therefore real-time co channel interference measurement is difficult in practice. 

Co-channel Interference reduction factor 

Reuse of an identical frequency channel in different cells is limited by a co- channel 

interference between cells. To reduce this co-channel interference, it is necessary to find 

the minimum frequency reuse distance. 

Assume nearly all cells are of the same size. The cell size is determined by the 

coverage area of the signal strength in each cell. As long as the call size is fixed, co channel 

interference is independence of the transmitted power of each cell. The co channel 

interference is a function of parameter q, defined as 

 

 

And q is the co-channel interference reduction factor when the ratio q increase, co channel 

interference decreases.  The separation D in the equation is a function of KI and C/I. 

 

When KI is the number of co channel interfering cells in the first tier and C/I is the received 

carrier to interference ratio at the mobile receiver. 

 

 

In a hexagonal – shaped cellular system, there are six co channel interfering cells in the 

first tier as shown in fig. and KI = 6. 
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The maximum number of KI in the first cell is (6*2piD/D=6) Co channel interference will 

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

then the carrier interference ratio (C/I) at the mobile units caused by the six interference 

sites is the same as C/I received at the center cell site caused by the interfering mobile units 

in the six cells.  These two values of C/I are very close. 

For a mobile environment, the propagation path loss slope varies as 

CCR 

(  varies between 2 and 5)  

 

 

In a mobile radio medium, gamma is assumed to be 4.  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. The above C/I 

can be written as  
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Desired C/I from a Normal case in an omnidirectional system 

Analytic solution: 

The two cases to be considered are 

(1)The signal and co-channel interference received by the mobile unit.  

(2)The signal and co-channel interference received by the cell site. 

The local noises at the mobile unit (Nm) and the cell site (Nb) are small and neglected 

when compared to interference level. 

As long as the received carrier-to-interference ratios at both mobile unit and cell 

site are the same, the system is called balanced system and in this, we can choose either of 

the two cases to arrive at the system requirement as the result is the same for other. 

Assume all Dk are same, then D = Dk and q = qk and  

Thus  

In this equation (C/I) value is based on the required system performance and gamma value 

is based the terrain environment. For the given (C/I) and gamma values, q can be 

determined. 

 Normal cellular practice is to specify (C/I) to be 18 db or higher, based on 

acceptance of voice quality. The path loss slope gamma in equal to 4 in a mobile radio 

environment.  

 

The 90% of covered area will be attained by increasing the transmitter power at each cell, 

which does not effect the value of q (4.41) as it is not dependent on transmitter – power. 

The factor q is also related to finite set of cells K in a hexagonal shaped cellular system by 

q 

Substituting q = 4.41 and then K =7. This indicates that 7-cell re use pattern is needed 

For a C/I of 18 db as        D can be calculated by choosing a radius (R). Usually 

value of q is taken greater than 4.41. Greater q value leads to the lower co channel 

interference. 

 

 

 

 

 

 

 

3k 
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Design of an Antenna System:  

Omnidirectional Antenna system in worst case: 

For a normal interference case, we proved that q = 4.6 for K = 7 cell Pattern. The K = 7 

pattern does not provide sufficient freq reuse distance separation even for flat terrain.   

The WORST case is at the location where the mobile unit would receive the weakest 

signal from its own cell site but strong interference from all interfering cell sites. 

In the worst case, the mobile unit is at the cell boundary ‘R’ as shown in 

Co channel interference ( a worst case) 

The distances from all 6- Co-channel interfering sites are also shown in fig 

Two distance D - R, two distances of d and two distance of D+R, the propagation delay 

slope of Non-LOS is 40db/decade mile.  

 

The C/I ratio is  

 

Substituting q= 4.6, we obtain C/I = 54 or 17 db, which is lower than 18 db. If we use 

shortest distance (D-R) for all 6 interferers, then  

 

 

In reality, due to improper distance locations and non-uniform geographical locations, 

the C/I value is always worse than the above values (i.e.) instead of 17 db, it may be 

around 13 to 14db. For heavy traffic situation, the system must be designed for C/I value 

of the worst case and the co channel interference reduction factor of q = 4.6 is 

insufficient. 
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Therefore in an omni directional-cell system, K=9 or 12 would be correct choice, then 

the q values are 

 

Q = 5.2 for K = 9 and q = 6 for K = 12 

we derived that 

Then C/I = 84.5  19.25db for K  9 

C/I  179.33  22.54db for K  12 

The K = 9 and K = 12 cell patterns are shown in fig.3.2 used when traffic is less. 

 

 

 

 

 

Interference with freq reuse for K = 9 and 12 

 

Design of Directional Antenna system: 

When the traffic increases and efficient utilization of spectrum, cell splitting is carried 

out. When K increases the number of freq channels assigned in a cell will become less 

(total allocated channels divided by K) and efficiency of freq reuse decreases.  
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Hence it is necessary not to increase the number of cells K in a demand- required 

environment. 

To meet the increased demand, a directional antenna arrangement is introduced, keeping 

K = 7. This will also reduce co-channel interference. Each cell is divided into three 1200 

or six 600 sectors in the directional antenna system, at the base station as shown in 

fig.3.4.  Each sector is assigned a set of channel frequencies 

Interfering cells shown in a 7 cell system (two tiers) 

Directional Antennas in K=7 cell patterns 

(i)Three sector case (1200each): 

For the worst case situation, two co-channel cells are shown in fig 

Determination of carrier - to interference ratio C/I in a directional antenna system. 

(a) Worst case in a 1200 directional antenna system.  (N=7) 

(b) worst case in a 600 directional antenna system (N=7) 
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The mobile unit at position ‘E’ is having more interference from the lower shaded sector 

(distance at D) than from the upper shaded sector (distance at D+0.7R). This is because 

that the mobiles receiver, receives the weakest signal from its own cell (signal strength 

about - 100dbm) but fairly strong interference signals from the other two cells. 

In a 3-sector case, the interference is effective in only one direction because the front to 

back ratio of a cell site directional antenna is at least 10db or more in a mobile ratio 

environment. 

Because of the use of directional antennas, the number of principal interferers is reduced 

from six to two only as shown in fig.3.5. The worst case C/I occurs when the mobile unit 

is at e and the distances to E from the two interfering antennas in the 1st tier are (D+R/2). 

Assuming e is at (D+0.7R) and D, the C/I value is 

 

 

 

When q= 4.6, C/I (worst case) =285=24.5db 

 

Thus by using directional antenna system of 1200, the (C/I) received by the 

mobile unit is far higher than 18db (i.e.) reduce co-channel interference. However, the 

(C/I) could be 6-db lower in a heavy traffic area due to irregular terrain contour and 

imperfect site locations.  The remaining 18.5db is still sufficient. 

Six - sector case: 

 
The cell can be divided into six sectors using 600 beam directional antennas 

shown in fig.3.5 (b) above. In this only one interference cell can occur in each sector as 

shown in fig.35. (b). Therefore, C/I ratio is given by 

 

For q= 4.6 C/I = 794 = 29db 

Which shows that a further reduction of co-channel interference and subtracting 

6-db for the reasons said above, the remaining 23db is still more than adequate. 

When heavy traffic occurs, the 600 sector antenna configuration is used to reduce 

co-channel interference. However only fewer channels are allowed in a 600 sector and 

the trunking efficiency decreases. 
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Directional Antenna in K=4 cell pattern Three sector case: 

In K = 7 cell pattern system, the 1200 directional antennas used in the sectors reduce the 

number of interferers to TWO as shown in fig.3.5 (a). 

For K = 4, the value of   

 

 

 

 

 

 

 

 

Interference Pattern with frequency reuse pattern K = 4 

 

 

If 6-db subtracted from this, the remaining 14db is unacceptable. 

Six-sector case : 

For this directional antenna system there is only ONE interferer at a distance of D+R 

shown in fig 

 

Comparing K=7 and k= 4 systems 

In an omni directional antenna system for K = 7, the co-channel reuse distance used is 

sufficient for design considerations. When the traffic increases a 3 sector system with 

three 1200 directional antennas are to be used and in certain  weak signal arrears 600  

sector antennas are to be used. 

For K = 7, a 6-secotr directional antenna system requires a total of 42 sectors but for K 

= 4 requires a total of 26 sectors. But the system of K = 7 with six sectors has less co-

channel interference. 

One advantage of 600 sectors with K = 4 require fewer cell sites than 1200 sectors with 

K = 7.  The two disadvantages of 600 sectors are 

- They require more antennas to be mounted on the antenna mast. 

- They often require more frequent hand offs because of increase of chance of the 

mobile units travel across the six sectors of the cell. 

 Also assigning the freq channel to the mobile unit in each sector is more difficult 

unless the antenna height at the cell site is increased. Also the directional antenna front-

to-back ratio is difficult unless the antenna height at the cell site is increased.  
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Also the directional antenna front-to-back ratio is difficult to predict. In small cells, 

interference will become uncontrollable. Thus the use of a K = 4 pattern with 600 sectors 

in small cells is considered only for special applications of portable cellular systems or 

narrow beam applications. For small cells, alternative scheme is to be used with a K = 7 

system with 1200 sectors. 

Antenna parameters and their effects: 

Lowering the Antenna height 

Lowering the antenna height will be very effective for reducing the co channel and 

adjacent channel interference.  The three cases of lowering antenna height are given 

below 

On a high hill or a high spot: 

In designing antenna height, the effective antenna height is to be considered but not 

actual height.  The effective height varies according to the location of the mobile unit. 

Lowering the antenna height (a) on a high hill and (b) in a valley. 

When the antenna site is on a hill as shown in fig 3.7 the effective antenna height is 

h1+H. If we reduce the actual antenna height to 0.5h1, the effective antenna height 

becomes 0.5h1+H.  The reduction in gain due to height reduction is 

 

G = Gain reduction =  

 

If h1<< H, then G = 20 log1 = 0db. 

This shows that lowering antenna height on the hill does not reduce the received power 

either at cell site or mobile unit.  

2.  in a valley : 

As shown in   the effective antenna height as seen from the mobile unit is he1, which is  

less than actual height h1. If    and the antenna height is reduced to 1/2h1,  

then the new effective height is  
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Then the antenna gain is reduced by  

 

By lowering the antenna height in a valley is very effective in reducing the radiated 

power in a distant high elevation area.  However in the area adjacent to the cell site 

antenna, the effective antenna height is the same as the actual antenna height. By 

decreasing the antenna height to ½ h1, then 

 

Reduction of Cochannel Interference by means of a Notch in the tilted Antenna 

pattern 

The co channel interference can be reduced by 

(i) Increasing the separation between two co channel cells 

(ii) Using directional antennas at the base stations 

 (iii) Lowering the antenna heights at the base stations. 

When the number of frequency reuse channels is fixed, the directional antennas is more 

effective to reduce (C/I). 

 

For a 7-cell cellular system, the co-channel reduction factor q= 4.6 and the co channel 

cell separation = D = q.R = 4.6R. Installation of 1200 directional antenna can reduce the 

interference by eliminating radiation to the rest of 2400 sector. With a separation of 4.6R, 

the area of interference at the interference receiving cell is illumination by 190 sector as 

shown in fig. 

A Seven - cell cellular configuration 
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If three identical directional antennas are installed in every cell, with each antenna 

covering 190 sector at the interfering cell.  Therefore attempts should   be made to reduce 

the signal strength of the interference in the 190 sector. There are two ways in tilting down 

the antenna patterns either electronically or mechanically. 

To achieve better C/I in the interference receiving cell, a notch in the center of the 

antenna pattern has to be created. This notch can be obtained by tilting the high gain 

directional antenna mechanically downward. When the base station antenna is tilted by 

100, the strength of the received signal in the horizontal direction is reduced by 4db.  If   

the tilt is increased to 200, the received power drops by 16db and interference reduction    

is 1db only. With 100 tilts, the C/I improvement is 0.5db.  Tilting the antenna upward will 

increase signal coverage. 

 

Diversity receiver: 

Diversity technique requires number of signal transmission paths named diversity 

branches that carry same information but have uncorrelated multi path fading and a circuit 

to combine the received signals or selects one of them. 

The diversity scheme is applied at the receiving end of the antenna to reduce 

interference because methods adopted to improve signal strength will not cause additional 

interference. 

A selective combiner is used to combine two correlated signals shown in fig. and 

other types of combiner may give 2db better signal. 

 

 

 

 

 

 

 

 

 

 

 

 

Selective combining of two correlated signals 

In the fig each curve is represented for a correlation coefficient  when using diversity 

scheme and optimum result is obtained for =0. 

For a two branch space diversity, at cell site the correlation coefficient 0.7 should be 

used. With this coefficient, the separation of two antennas at the cell site meets the 

requirement, h/d = 11 where h is antenna height and d is antenna separation. 

At the mobile unit, use = 0 which means that the two roof-mounted antennas of the 

mobile unit are 0.5 or more. 
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The signal levels both with and without a diversity scheme are as follows. 

1. At the mobile unit : 

  If the diversity scheme is used the power can be reduced by 10db and performs 

the same way as in the non-diversity scheme. With a 10db less power transmitted at the 

cell site, co-channel interference can be reduced drastically. 

2. At the cell site : 

  Due to the diversity scheme, a mobile transmitter for a cell site diversity receiver 

can operate at 7-db reduction in power to attain the same performance as a non-diversity 

receiver at the cell site. Thus interference from the mobile transmitters to the cell site 

receivers can be drastically reduced. 

Non co channel Interference-different types 

1. Adjacent channel interference: 

 Adjacent channel interference can be eliminated on the basis of the channel 

assignment, the filter characteristics. Adjacent channel interference is a broad term. It 

includes next channel (the channel next to the operating channel) interference and 

neighboring channel interference (more than one channel away from the operating 

channel) interference. Adjacent channel interference can be reduced by the frequency 

management. 

2. Next-channel Interference 

Next channel interference affecting particular mobile unit cannot be caused by 

transmitters in the common cell site, but must originate at several other cell sites. This is 

because any channel combiner at the cell site must combine the selected channels. 

3. Neighboring channel interference 

The channels which are several channels away from the next channel will cause 

interference with the desired channel. Usually, a fixed set of serving channels is assigned 

to each cell site. If all the channels are simultaneously transmitted at one cell-site 

antenna, a sufficient amount of band isolation between channels is required for a multi-

channel combiner to reduce intermediation products. This requirement is no different 

from other non-mobile radio systems. Assume that band separation requirements can be 

resolved, for example, using multiple antennas instead of one antenna at the cell site. 

Another type of adjacent channel interference is unique to the mobile radio system. In 

the mobile radio system, most mobile units are in motion simultaneously. Their relative 

positions change from time to time. One unique station that causes adjacent-channel 

interference in mobile radio systems. 

4. Near-End-Far-End Interference 

(a) In one cell 

Because motor vehicles in a given cell are usually moving, some mobile units are close 

to the cell site and some are not. The close in mobile unit has a strong signal which 

causes adjacent-channel interference. In this situation, near-end-far-end interference can 

occur only at the reception point in the cell site. 
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If a separation of 5B (five channel bandwidths) is needed for two adjacent channels in a 

cell in order to avoid the near-end-far-end interference, it is then implied that a minimum 

separation of 5B is required between each adjacent channel used with one cell. 

(b) In cells of two systems 

Adjacent-channel interference can occur between two systems in a duopoly-market. In 

this situation, adjacent-channel interference can occur at both the cell site and the mobile 

unit.. 

The two causes of near-end-far-end interference of concern here are 

1. Interference caused based on the set-up channels. Two systems try to avoid using the 

neighborhood of the set-up channels 

2. Interference caused on the voice channels. There are two clusters of frequency sets 

which may cause adjacent-channel interference and should be avoided.  
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UNIT-III 

FREQUENCY MANAGEMENT AND CHANNEL ASSIGNMENT 

 

 

Introduction: 

The function of frequency management is to divide the total number of 

available channels into subsets which can be assigned to each cell either in fixed 

fashion or dynamically (in response to any channel among the total available 

channels) Frequency management refers to designating setup channels and voice 

channels, numbering the channels and grouping the voice channels into subsets. 

Channel assignment referees to allocation of specific channels to cell sites and 

mobile units. 

Fixed channel set: (consisting of one or more subsets) is assigned to a cell site on 

long term basis. 

During a call, a particular channel is assigned to a mobile unit on a short 

term basis. For a short term assignment, one channel assignment per call is handled 

by the Mobile Telephone Switching Office (MTSO) 

 

Numbering the Channels: 

 

At present total number of channels is 832. But most mobile units are still 

operating on 666 channels. 

A channel consists of two frequency channel bandwidth one in the low band 

and the other in the high band. The two frequencies in channel 1 are 825.03MHz 

(mobile transmit) and 870.03MHz (cell site transmit). The two frequencies in 

channel 666 are 844.98MHz (mobile transmit) and 889.98MHz (cell-site transmit) 

 

The 666 channels are divided into A-Group and B-Group with each block 

having 333 channels as shown in .fig 
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There are 312 voice channels in each block and 42 set-up channels are assigned in 

the idle of blocks A and B. 

Grouping into sub-sets: 

Since there are 21 set-up channels (42/2) for each system, the remaining 312 voice 

channels in each system can be divided into 21 sub-sets and each sub consists of 16 voice 

channels. These voice channels are made into one FRAME and connected to a channel 

combiner.  In a seven cell freq reuse system, each cell contains 3-sub sets. The minimum 

separation between three subsets is 7 channels. 

Set-up channels: 

Set-up channels, also called control channels, are the channels designated to setup 

calls. We should not confused by the fact that a call always needs a setup channel. A system 

can be operated without setup channels Setup channels can be classified by usage into two 

types: Access channels and paging channels 
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Access channels 

An access channel is used for the mobile-originating calls .Here, the mobile unit 

scans its 21 set-up channels and chooses the strongest one. Because each set-up channel is 

associated with strongest set-up channel indicates which cell to serve the mobile-originating 

calls. 

 

Paging channels 

The paging channel is used for land-originating calls. Each cell site has been 

allocated its own set-up channel (control channel) .The assigned forward set-up channel 

(FOCC) of each cell site is used to page the mobile unit with the same mobile station control 

massage. 

Channel assignment to the cell sites-fixed channel assignment 

In a fixed channel assignment, the channels are assigned to cell site for long 

periods for SETUP channels and voice channels. There are 21-set up channels assigned to 

each cell for K = 4, 7 or 12 frequency reuse pattern 

 

Channel assignment to traveling mobile units 

Under Lay-over Lay Arrangement: Overlaid cells 

The traffic capacity can be increased in an omni directional or a directional cell by 

using underlay - overlay arrangement. The under lay is the inner circle and the overlay is 

the outer ring as shown in fig. 

 

The transmitted powers of the voice channels at the cell site are adjusted for these 

two areas. Then different voice frequencies are assigned to each area. Different set of 

frequencies are used in an overlay area and underlay areas and this is to avoid adjacent 

channel and co channel interference. 

When an incoming signal strength for a call is higher than a specified level L, then 

under laid cell is assigned and if low, overlaid cell is assigned. Handoffs are implemented 

between the under laid and overlaid cells. To avoid unnecessary hand offs, the two levels 

L1 and L2 are chosen such that L1 > L2. 
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(i) Adjacent channel assignment : 

Adjacent channel assignment includes neighboring - channel assignment (four 

channels on either side of the desired channel) and next channel assignment. 

 

 

 

a) Omni directional-antenna cells b)directional antenna cells 

In an omni directional – cell system, if one channel is assigned to the middle   of seven cells, 

next channels cannot be assigned in the same cell. Also next channel (including neighboring 

cannot be assigned in the six neighboring cells. In a directional antenna cell system, if one 

channel is assigned to a face, next channels can be assigned to the same face or to the other 

two faces in the same cell. Also next channels cannot be assigned to the other two faces of 

the same cell site. The next channels can be assigned in the next sector of the same cell in 

order to increase capacity. 

Channel sharing & Borrowing : 

(a) Channel Sharing : 

Channel sharing is a short term traffic relief scheme.  There are 21 channel   sets with each 

set consisting of 16 channels. Sharing always increases the trunking efficiency of 

channels. 

(b) Channel borrowing : 

Channel borrowing is on a long term basis. The borrowing of channels form other cells 

arises when the density in a cell increases. The channel borrowing scheme is used, traffic 

for slowly growing areas instead of immediate cell splitting as it is costly. 
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Sectorization: 

The total number of channels available can be divided into sets depending on 1200 

or 600 or 450 sectorization of the cell configuration  a seven-cell system uses three 1200 

sectors per cell, to cover 45 channels. Sometimes the sector angle is reduced (narrower) to 

assign more channels in one sector without increasing neighboring channel interference. 

Due to sectorizaiton, cell splitting can be delayed and also channel coordination is easier. 

 

Non fixed channel Assignment algorithms: 

(i) Description of Different Algorithms: 

(1) Fixed channel Algorithm (FCA): In this algorithm of cellular system, each cell 

assigns its own radio channels to the vehicles within its cell. 

(2) Dynamic channel assignment (DCA): No fixed channels are assigned to each cell in 

DCA. Therefore any channel of 312 radio channels can be assigned to the mobile unit that 

is a channel is assigned directly to a mobile unit. 

(3) Hybrid channel assignment (HCA): Out of the total channels, a portion of these 

channels use FCA and the rest of channels DCA. 

(4) Borrowing channel assignment (BCA): When all fixed channels are occupied, then 

the cell borrows channels from the neighboring cells. 

(5) Forcible – borrowing channel assignment (FBCA) : In this, if a channel is in 

operation and in case of necessity, channels must be borrowed from the neighboring cells 

and at the same time, another voice channel is assigned to continue the call in the 

neighboring cell. No channel can be borrowed frequently   in the neighboring cells.          The 

channels which are in operation can be forcibly borrowed and replaced by a new channel in 

the neighboring cell or neighboring    of the neighboring cell. 

(ii) Simulation Process and Results: 

On the basis of FBCA, FCA and BCA algorithms, a 7-cells reuse pattern with an average 

blocking of 3 percent is assumed and the traffic service in an area is 250 earlangs.  The 

simulation model is described as follows. 

- Randomly select the cell (among 41 cells) 

- Determine the state of the vehicle in the cell (idle, off hook, on hook, hand off) 

- In off hook and hand off state, search for an idle channel.  The average number of 

hand offs is assumed to be 0.2times per call.  FBCA will increase the number of hand offs. 
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(1) Average blocking:   

Two average blocking cases are shown in fig. 

 (a) In a uniform traffic distribution 911-channels per cell) condition of (fig.6.4 (a)), the 

3 percent blocking of both BCA and FBCA, will result in 28 percent load increase compared 

to 3 percent blocking of FCA. There is no difference between BCA and FBCA. 

(b) In a non-uniform traffic distribution (i.e. number of channels in each cell is 

dependent on the vehicle distribution), the load increase in BCA drops to 23 percent and 

that of FBCA increase to 33 percent at an average blocking of 3 percent as shown in  

fig.6.4(b).  The percentage of increase in land is the same as the percent reduction in the 

number for channels. 

(2) Handoff blocking:  This can occur only at cell setup stage. 

  

 

 

 

  

 

 

 

 

In fig (a), for a uniform blocking, load is increased to 30 percent both for BCA and 

FBCA when compared to FCA, for a 3% handoff blocking. As shown in fig. (b)  For 4 

percent blocking, load increase in 50 percent for both BCA and FBCA and this will reduce 

the interference and blocking. 
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CELL COVERAGE FOR SIGNAL AND TRAFFIC 

Introduction 

 The main task is to cover the whole area with a minimum number of cell sites and to see 

that the signal holes are located in the no-traffic locations. To arrive a prediction model the 

service area has to be examined for human made structures (open area, urban area, and sub 

urban area) and natural terrains (flat, hilly water, foliage areas).  Field strength  are to area 

prediction models are within 6 to 8 db corresponding to measured value and    for a point-to-

point prediction model provide a standard deviation  from the predicted  value of less than 

3db. 

Signal reflections in flat and hilly terrain: 

Figure: A coordinate sketch in a  flat terrain 

Ground Incident angle and ground elevation angle 

 = Incident angle 

 =  Elevation angle 

The ground incident angle is the angle of the wave arrival at the ground 

The ground elevation angle is the angle of the wave arrival at the mobile unit is 

 

Ground reflection angle & reflection point: 

Based on Snell’s law, the reflection angle and incident angle are the same.  As   long as the 

actual hill slope is less than 100, the reflection point on hilly slope as that of flat ground. 

For h1 = 50m, h2 = 3m, d = 5km, H = 100m as shown in fig. 
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Figure: A coordinate sketch in a hilly terrain  

 

And the reflection point location from the cell site antenna is 

 

 

Mobile point-to-point model (Lee model)  

This model is obtained in three steps:  

(1) Generate a standard condition 

(2)  Obtain an area to area prediction model 

(3)  Obtain a mobile point-to-point model using area-to-area model as a base. 
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(1) Standard condition: 

Table:  Generating a standard condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To generate a standard correction and provide correction factors, as shown in table we have 

used a standard condition on the left side and correction factors on the right side.   The 

advantage of standard values is to obtain directly predicted value in dbs above 1mw in dbm. 

(2) Obtain area-to-area prediction curves for human made structures: 

 For different areas, the curves are different in different area.  It is assumed that all the areas 

are flat and the standard deviation of the average value indicate the degree of terrain 

roughness.  The area-to-area is prediction is an average process. 

 

Effect of human made structures: 

The terrain configuration of cities is different and the human made structures of each city is 

same. Obtain the path loss curve for the area assuming it as flat and this path loss is due to 

human made structures only. As these path loss curves are different for different areas, we 

have to measure signal strengths at those high spots and at low spots surrounding the cell 

sites as shown in figure below 
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Figure : Propagation path loss curves for human - made structures (a for selecting 

measurement areas (b)  path loss  phenomenon. 

The then average path loss slope of high and low spots along different radio paths in the 

area represents signal received as if it is a flat area due to local human made structures. 

Area-to-Area prediction model can be represented by two parameters. 

(1)The one mile intercept point-power received at a distance of 1 mile from transmitter. (2) 

The path loss slope. 

These two parameters can be experimentally obtained as follows. Set up the transmitting 

antenna at the center of a general area. Take 6 or 7 measurements around 1 mile intercept 

and around 10 mile boundary. Based on high and low points at these two distances, path 

loss slope can be obtained by joining these measured values. In hilly areas, obtain more 

measured data points to obtain average path loss slope. 

 

Path Loss Slope Explanation: 
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When the base station is located in the city, then 1mile intercept could be low and the slope 

is flattened out. 

When the base station is located outside the city, the intercept could be much higher and the 

slope is deeper. 

When the structures are uniformly distributed, depending on density (Separation between 

buildings), the 1 mile intercept could be high or low but slope may keep at 40db/dec. 

 

Figure:  Path – loss phenomenon 

Phase difference between a direct path & a ground reflected path: 

Based on a direct path and ground reflected path, the received power when  (phase 

difference between direct path and reflected path)  is less than 0.6  radians. 
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Constant standard deviation along a path – loss curve 

When plotting signal strengths at any given radio-path distance, the deviation from 

predicted values is approximately by 8-db. When line of sight exists, both direct and 

reflected waves are strong and in out-of-sight paths both the wave paths are weak. In both 

cases, the theoretical model the 40db/dec path loss slope applies. 

In the open area, 1 mile intercept point is high and in urban area it is low. From the cell site, 

mobile unit’s area having LOS, some are partial LOS and some are out of sight. Thus the 

received signals are strong, normal and weak respectively. 

Land to mobile transmission over water 

 

 

 

 

 

 

 

Figure: A model for propagation over water 

 As shown in fig there are always two equal strength reflected waves, one from water 

and one from the proximity of the mobile unit in addition to the direct wave. As there are 

no surroundings for water reflected wave the reflected energy is strong and the reflected 

wave near the mobile unit is also strong. Therefore the reflected power of the two reflected 

waves can reach the mobile unit without much attenuation. The total received power at the 

mobile unit is summing of the three components. 

 

1 and 2 are the path length difference between direct wave and two reflected 

waves and are small.  In most cases 
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1 + 2 < 1, then  

Which is same as power received form the free space condition. 

Therefore, the path loss for and to mobile propagation over land, 40db/dec is different for 

land to mobile propagation over water. 

In this case of propagation over water the free space path loss of 20db/dec is applied. 

Straight- line path- loss slope 

At one radio path distance, the standard deviation is 8-db, the same 8-db is found at any 

distance as shown in fig 

8-db Local mean spread 

The standard deviation of 8-db from the measured value is due to close buildings around 

cell site and deviation at distant locations is due to great variation along different radio 

paths. 

General formula for mobile Propagation over water or flat open area 
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Figure: propagation model over sea water 

 For small incident angle, both reflection coefficients for horizontal polarized waves and 

vertically polarized waves. since 1800 phase  change occurs at the ground reflection  point, 

the reflection coefficient is -1.  As shown in fig 4.3, the two antennas, one at cell   site and 

the other at mobile unit are above sea level and the one reflected from the ground is close 

to the mobile unit and the other reflected from sea water is away from the mobile unit. Now 

we have to find formula for field strength for a fixed point-to-point transmission and land 

mobile transmission over water. 

 

Propagation between fixed stations: 

 

Propagation between two fixed stations over water on flat open land the received power is  

 

 

Pt = Transmitter power, d = distance between two stations.  = wavelength, av,  

v = Amplitude and phase of a complex reflection coefficient respectively. 

 = phase difference caused by the path difference d between the direct and reflected 

wave.  

ECE/LIET CMC NOTES P.Sudheer Asst Prof ECE Dept



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECE/LIET CMC NOTES P.Sudheer Asst Prof ECE Dept



 

Propagation in Near-in distance: 

Within a 1 mile radius, the antenna beam width for a high gain omni-directional antenna   is 

narrow in the vertical plane. The signal reception at a mobile unit located within 1 mile is 

less due to large elevation angle of the mobile unit, is in shadow region (outside Main beam).  

The larger the elevation angle, the weaker the reception level. 

 

Figure:  Elevation angle of the shadow of the antenna pattern 

The signal reception levels is less by 10 to 20 db in the areas close to the cell site.  Thus the 

surroundings of the cell site, the reception level is either up or low at the mobile unit within 

1 mile radius.  When the mobile unit is away form 1 mile radius, the effect due to near-by 

surroundings of the cell site is negligible. 

If the antenna height is 30 meters in suburban area, the signal is -61.7dbm. For 60 meters 

height, 6db and 120 meters another 60db gain is obtained.  If it is 120 meters above, the 

mobile unit receive signal same as that of free space. 

 

Figure: Typical 60db omni-direction antenna Beam width 
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The antenna pattern is not isotropic in the vertical plane and typical 6-db omni- directional 

antenna. Vertical beam width is shown in figh.4.6.  If the antenna beam is aimed at mobile 

unit, we observe 24db/dec for antenna height of 30 meters, 22db/dec for 60meters and 

20db/dec for 90 meters. The power of 11dbm received at 0.001 mile is obtained from fig 

 

Figure: Curves for near-in-propagation 

For curve (1) 120meters - 20db/dec (free space)  

For curve (2) 30meters - 24db/dec (free space) 

For curve (3) 60meters - 22db/dec as shown in fig.4.7.(free  space) 

Calculation for near field propagation: 

 

Long-Distance propagation: 

 When the cell site is high, the signal covers large area. As the traffic increases, a noise 

– limited system gradually becomes interference limited system.   The interference   is due 

to co-channel and adjacent channels in the system and also long distance propagation. 
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Within area of 50 miles, for a high site the waver propagate in a-non-straight line fashion 

due to low atmospheric phenomenon. The wave path can bend either upward or down ward. 

It may happen at one point the signal may be strong and weak at another point. 

At a distance of 320km, due to troposphere wave propagation and due to sudden change in 

dielectric constant, the wave is received. Due to troposphere propagation, the wave is 

divided by refraction and reflection. The distance of propagation is much greater than the 

line-of-sight propagation. As the refractive index decreases with height, the rays will be 

curved down at a particular height, duct propagation occur. Troposphere propagation cause 

interference and can be reduced by a directional antenna or low power low antenna mast or 

umbrella antenna. 

Path loss from a point-point prediction model: 

Non obstructive direct path: 

It is path unobstructed by the terrain contour. The cell site antenna cannot be seen by 

mobile user. 

Line of sight path: 

It is a path unobstructed by the terrain contour and by manmade structures. The user can see 

cell site antenna.  The signal strength in this case is strong. 

In mobile environment, LOS will not be possible continuously and hence direct path 

condition exists and not obstructed by the terrain contour. In this case, the antenna height 

gain will be calculated for every location where the mobile unit travels as shown    in fig 

(1) Find the specula reflection point for the two conditions 

(a) Connect the image antenna of the cell site antenna to the mobile antenna. 

(b) Connect the image antenna of the mobile antenna to the cell site antenna.  Between the 

above two intercept points at the ground, choose one intercept point close to the mobile unit 

which is having more energy. 

(2) Extend the reflected ground plane. 

(3)Measure the effective antenna height. In fig. (a), he is 40 meters and In fig. 

(b)he is 200 meters the actual antenna height h1 is 100 meters. (4)Calculate the 

antenna height gain G 
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The antenna height gain G changes as the mobile unit moves along the road. That is the 

effective antenna height changes at cell site due to mobile unit moves to a new location, 

although actual antenna height remain unchanged. 

Contribution of antenna-height gain: 

If the antenna-height gain due to terrain contour between cell site and the mobile unit is not 

taken into consideration, the path loss slope will have a standard deviation of 8db.  If taken 

into consideration, the deviation is within 2 to 3db. 

As shown in fig. the changing effective antenna heights he and he
’ a different positions of 

mobile unit are illustrated. 
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Illustration of the terrain effect on the effective antenna gain at each position 

(a) Hilly terrain contour. (b)  Point-to-point prediction. 

 

The effective antenna gain         for a suburban area, the path loss slope is shown in 

fig. (b). then the antenna there is a difference between an area-to area prediction (use path 

loss slope) and a point-to-point prediction (after antenna gain correction) The point-to-point 

is based on actual terrain  contour. 

Path loss from a point-to-point prediction model in obstructive condition 

The terrain contour obstructs the direct path between cell sites on the mobile unit. This 

obstruction can be studies at follows. 
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To obtain diffraction loss : 

diffraction loss due to obstructive conditions. 

(a) single knife-edge (b)  double knife-edges, (c) non clear path. 

(i)    Single Knife edge:   There are 4 parameters.   The distances r1 and r2 from the     knife 

edge to the cell and mobile sites, the height of knife edge hp, operating wave   length  from 

these, obtain new parameter V. 
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ii) For double knife edge calculate v as v1 and v2.  Then the total diffraction loss for double 

knife edge = L = L1 +L2.  When the heavy foliage is observed near the mobile unit, this 

loss can be obtained from the diffraction loss. 

 

Form of a point-point model: 

(a) General formula of LEE model : 

The formula of the Lee model for the following 3 - cases 

(1)  Direct wave case: The effective antenna height varies with the location of the mobile 

unit when it travels. 

(2)  Shadow case: No effective antenna height exists and the loss is due to knife - edge 

diffraction loss. 

(3)  Over the water condition:  Free space path loss is applied. 

(a) For Non - obstructive path, 

 

(b) For obstructive path, 

 

Remarks: 

 

(1) Pr cannot be more than free space path loss. 

 

(2) For within 2 mile radius, the received power at the mobile unit traveling along an in- 

line road can be 10db higher than that along a perpendicular road. 

(3)is the effective antenna height gain. 
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(4) Foliage loss is added depending on the situation. In forest, the antenna height at the cell 

site is higher than the top of trees. 

 

(5) Within one mile in manmade environment, the strength of the received signal is effected 

by buildings and orientation of roads. Point to point model is very useful in mobile cellular 

system designing for a cell radius of less than 10miles, as the prediction model is within 2 

to 3 db only. 

The point-to-point prediction can be used to predict the overall coverage of all    cell sites 

and to avoid co-channel interference. Also the occurrence of hand off in the cellular system 

can be predicted accurately. 

The applications of point-to-point prediction model is used to generate a signal coverage 

map, an interference area map, a hand off occurrence map, an optimum system design etc. 

Cell-site antenna heights and Signal coverage cells 

Effects of cell heights antenna heights: 

(i) Antenna height unchanged : 

If the power of the cell site transmitter changes, the signal strength map can be linearity 

updated according to the change in power. 

(ii) Antenna height changed. 

If the antenna height changes (h), the signal strength map of old antenna height 

cannot be update d with a antenna gain formula g 

 

Where h1
1 is the antenna new height and h1 is the antenna old height. The same terrain 

contour can be used to find the difference in gain due to different effective heights. 

 

he is the old effective antenna height and h1
1 is the new  effective antenna height. 

  

The additional gain (increase or decrease) is added to the signal strength of the old antenna 

height. 

Location of the Antenna changed: 

If the location is changed the point-to-point model has to do again. The old effective antenna 

height seen from a distance is different and there is no relation between the old effective 

antenna height and new effective antenna height. Hence new point-to-point model has to be 

started. 
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Visualization of the effective Antenna Height: 

The effective antenna height is always changing high or low as the mobile unit is moving 

 

Case (i): 

The mobile unit is driven up a positive slope: 

The effective antenna height increases if the mobile unit is going away from the cell site 

antenna and decreases if the mobile unit approaching the cell site. 

Case (ii): 

The mobile unit is driven down a hill: 

The effective height decreases if mobile unit is moving away from the cell site antenna and 

increases if it is approaching cell site antenna: 

Signal coverage cells: 

In the signal reception region around the cell site, there are weak spots called HOLES for   

a flat terrain. 

     

Different coverage concept (a) signal coverage due to effective antenna heights. 

(b)  Signal coverage served by two cell sites. 

The signal coverage for a hilly terrain is shown in fig.4.11 and the two cell sites separated 

by a river. Due to shadow loss, cell site A cannot cover area A but can cover cell site B 

and the same holds good for cell site ‘B’. When a vehicle enters A , a hand off is  requested 

for cell site B. 

Therefore, the holes in one cell are covered by the other sites. If the processor at MTSO 

can handle excessive hand offs, this approach of filling the holes is good in a 

noninterference condition. 
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UNIT-IV 

CELL SITE AND MOBILE ANTENNAS 

 

Sum and difference patterns and their synthesis 

 

The antenna pattern can be designed for uniform coverage after obtaining the field-

strength contour. For different antenna pointing in different directions and with different 

�V�S�D�F�L�Q�J�¶�V, we can use any of a number of methods. If we know the antenna pattern and the 

geographic configuration of the antennas, a computer program can help us to find the coverage. 

Several synthesis methods can be used to generate a desired antenna configuration. Many 

applications of linear arrays are based on sum and difference pattern .The main lobe of the 

pattern is always known as the sum pattern pointing at an angle. The difference pattern 

produces twin main beams. For a sum pattern, all the current amplitudes are the same. For 

difference pattern, the current amplitudes of one side (half of the total elements) are positive 

and the current amplitudes of the other side (half of the total elements) are negative. Most 

pattern synthesis problems can be solved by determining the current distribution. 

 

Synthesis of sum patterns: 

Dolph-chebyshev synthesis of sum patterns. 

This method can be used to reduce the level of sidelobes; however, one disadvantage of 

further reduction of sidelobe level is broadening of the mainbeam. 

 

Taylor synthesis 

A continuous line-source distribution or a distribution for discrete arrays can give a 

desired pattern which contain a single mainbeam of a prescribed bandwidth and pointing 

direction with a family of sidelobes at a common specified level. 

 

Symmetrical pattern 

For production of a symmetrical pattern at the mainbeam, the current �± amplitude 

distribution!g(l)! Is the only factor. The phase of the current distribution can remain constant. 

 

Asymmetrical pattern 

For production of an asymmetrical pattern, both current amplitude (l)! and phase arg(l) 

should be considered. 
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Synthesis of difference patterns 

A continuous line source that will produce a symmetrical difference pattern, with twin 

mainbeam patterns and specified sidelobes. 

 

Null-free patterns 

In mobile communications applications, filed-strength patterns without nulls are 

preferred for the antennas in vertical plane. 

Antennas at cell site 

Omni directional antennas �±for coverage use 

6db and 9db gain omni directional antennas whose directional pattern is shown in fig below 

 

 

Fig:  High gain omni directional antennas   Gain with reference to dipole: (a) 6db(b)  9db 
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Start-up system configuration: 

In a start-up system, an omni cell in which all the transmitting antennas are omni 

directional is used. Each transmitting antenna has to transmit signals from 16 radio transmitters 

simultaneously using 16 channels combiner. Each cell have 3 �± transmitting antennas which 

serve 45 voice radio transmitters. (The combiner combines 16 voice channels. The cellular 

system divides 312 voice channels into 21 sets, as there are 21 set- up channels and each set 

has about 15 voice channels. A dummy load has to be put on empty ports of the combiner).Each 

sending signal is amplified by its own channel  amplifier in each radio transmitter, then 16 

radio channels are combined and transmit the signals by transmitting antenna. Two receiving 

antennas receive all 45 voice radio signals simultaneously. The two identical signals received 

by the two receiving antennas pass through a diversity receiver. 

 

Cell-site antennas for omni cells: (a) for 45 channels; (b) for 90 channels 

Abnormal Antenna Configuration: 

To meet the increase demand, the cell site can be equipped with up to 90 radio voice 

channels and the transmitting antennas fo 6nos. should be used, as shown in fig and two 

receiving antennas only are required as in the 45 channels. By using hybrid ring combiner, two 

16-channels can be combined and then only 3 number of transmitting antennas are sufficient. 

Directional Antennas for interference reduction at cell site 

For reduction of co-channel interference in freq reuse, Directional antennas are used. 

The co-channel reduction factor = q = D/R = 4.6 for flat terrain. So for interference reduction 

either q has to be increased or directional antennas required.  For 1200 sector cell, a 1200 corner 

or plane reflector and for 600 sector cell, a 600 corner reflector are to be used.  The radiation 

pattern for 

Case (i): For 7 cell, it requires 1200 sector directional antenna. In 333 chanenels 

(333/7=45), each cell has 45 voice channels. Each 1200 sector has one transmitting antenna 

and two receiving antennas (diversity techniques) are required to receive (45/3 sectors) 16 radio 

channels. 
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Case (ii):  Transmitting and Receiving 600 sectors:  For 4 cell requires 68 sector   antenna 

is sufficient for interference reduction. For all 333 channels coverage, each sector (333/4 = 84, 

84/6 = 14),  each 600  sector carry 13 radio channels by one transmitting antenna use and one 

receiving antenna. At the receiving end two of the 6 receiving antennas are selected for angel 

diversity for each radio channel. 

(b) Receiving 600 sectors: 

Only 600 sector receiving antennas are used to locate the mobile unit and hand off to the 

neighboring cell accurately. All the transmitting antennas are omni directional in each cell .At 

the receiving end ,the angle diversity for each radio channel same as above is used. 

(3) Location antennas: 

The location receiver at cell site is tuned to one of the 333 channels either on demand or 

periodically. The receiver receives its signal on omni directional or shared directional antenna. 

 

(4) Set-up channel antennas: 

This antenna is used to page a called number by MTSO or access to call from a mobile 
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unit. It transmits only data. The setup channel antenna is either several directional antennas or 

omni directional antenna at one cell site. 

 Space diversity antennas: 

At cell site, two branch space diversity antennas are used to receive the same signal 

with different fading envelope. By the location of these two receiving antennas, the degree of 

correlation between the two fading envelopes is determined. 

For design of antenna, the parameter �O�  h/d =11 where h is antenna, D is antenna separation 

should be d �•���O��and for 50 meters, d �•�������O����In any omni cell system ,the two space diversity 

antennas should be aligned with the terrain. 

 

Umbrella-Pattern antennas 

 

At cell sites for controlling the energy radiation / reception, an umbrella pattern antenna 

which consists of a mono-pole with a top disk loading as shown in figure below ( Normal 

Umbrella-Pattern antennas).Size of the disk determines the tilting angle (�D) of the pattern and 

smaller the disk the larger the tilting angle of the umbrella pattern. 

 
 

 

 

 

 

 

(b)Broad brand umbrella pattern antenna: 
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The diameter of the disk, the length of the cone and opening of the cone can be adjusted 

for an umbrella pattern antenna. 

  

Interference reduction antenna 

 

 

The parasitic (insulation) element of 1.05 times longer than the active element and the 

separation between the elements, will reduce interference. 

 

Minimum separation of cell site antennas 

 

The radiation pattern of an antenna measured in free space is different from the antenna 

pattern of cell site antenna with respect to mobile antenna. The strongest reception is with the 

strongest signal strength of the directional antenna.  The pattern is distorted in urban and suburban 

areas. 

For a 1200 directional antenna, the back lobe is 10db less than front lobe. As the Strong 

signal radiates in front, the signal can be received from the back of the antenna due to bouncing 

back, from the surroundings. 

 

 

 

 

 

To reduce the antenna pattern ripple effects, a minimum separation between two receiving
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antennas is to be maintained. For a space diversity, if the two receiving antennas are located 

closer the difference in power increases for a given pointing angle and this will happen for a 

small sector. At 850MHz, the separation of eight wavelengths between two antennas create a 

power difference of ±2db which is tolerable for a diversity scheme. 

  

For reduction of interference, the antenna has to be located within a quarter of the size of 

cell (R/4). If the site is 8 mile radius, the antenna can be located within 2 miles radius. 

 

 

 

 

 

 

 

Figure: Antenna pattern ripple effect

Mobile Antennas-high gain antennas

From the point of reception, the antenna is an omni directional antenna and it has to be

located as high as possible and at least is should clear the top of the vehicle. For roof mounted 
and window mounted mobile antenna patterns are shown in fig.
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(a) Roof Mounted: 

The antenna pattern of a roof mounted antenna is nearly uniform around, the mobile unit. 

The roof mounted collinear antenna shown a 3db gain over quarter wave antenna. At mobile 

unit, the antenna gain is to be limited to 3db.  If it is more than 3db, it can then receive only a 

limited portion of the total multi path signal in the elevation under the out of sight condition. 

(b) Glass mounted Antenna: 

There are many types of glass mounted antennas. The energy is coupled through the 

glass and some energy is dissipated in it. Depending on the operating frequency the gain is 1 to 

3db. The location of this antenna is lower than that of roof mounted and there is a difference in 

gain of 3db in these two types of antennas. 

(C) Mobile high Gain Antennas: 

In the directional antennas, the antenna beam pattern is suppressed horizontally and for 

high gain antenna, the beam pattern is suppressed vertically.  Also the origin of the signal has 

also to be known for reception for pointing the antenna direction for maximum signal reception. 

In mobile environment, the scattered signals arrive at the mobile unit from every 

antenna with an elevation coverage of 390 and 4db gain (relative to dipole) with an elevation of 

160 are used to receive scattered signals from different directions. But when gain is measured 

practically, the difference in gain is observed as 2db only. This is due to arrival of scattered 

signals under Non-LOS spread over wide elevation angle. 

 

 

 

 

 

Therefore 2 to 3db gain antenna (4 to 5dbi �± I for relative to isotropic) is sufficient for
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general use. It does not increase the signal reception level for higher antenna gain and also in 

urban areas elevation angle for scattered signals is more than the suburban areas. 

(d) Horizontally oriented space-diversity antennas: 

A two branch space diversity receiver mounted on a motor vehicle reduce fading and 

operate at lower at lower reception level. In space diversity scheme, the two vehicle mounted 

antennas will be separated horizontally by 0.5�O.If two antennas mounted in line to the motion 

of the vehicle produce less fading than perpendicular antenna mounting. 
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Vertically oriented space diversity antennas: 
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