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Q. 1 Explain the term ‘Evolution of mobile radio communication fundamentals’. 

Ans: In the last few decades, Mobile Wireless Communication networks have experienced a lot 

of changes. The cellular wireless Generation(G) generally refers to a change in the nature of the 

system, speed, technology and frequency. Each generation have some standards, capacities, 

techniques and new features which differentiate it from the previous one. 

First Generation (1G) Wireless Mobile Communication System: 

 Launched in Tokyo in 1979 

 Technology: Analog Switching 

 Frequency: 800 MHz and 900 MHz 

 Bandwidth : 10 MHz (666 Duplex Channels with a bandwidth of 30 KHz 

 Data Rate:2.4 Kbps 

 Modulation : Frequency Modulation (FM) 

 Mode of Service: Voice only 

 Access Technique: Frequency Division Multiple Access (FDMA) 

 Poor Voice Quality 

 Large Size Mobile Phones  

 Roaming was not possible 

 Limited number of users and cell coverage 

 Less Security 

Second Generation (2G) Wireless Mobile Communication System: 

 Launched in Finland in 1991 

 Technology: Digital Switching 

 Bandwidth: 25 MHz 

 Modulation : Gaussian Minimum Shift Keying (GMSK) 

 Standard: Global System for Mobile Communication (GSM) and Code Division        

         Multiple Access (CDMA) 

 SMS service possible 

 Roaming is possible 

 Enhanced Security 

 Encrypted Voice transmission 

 First internet at lower speed 

 Data Rate14.4 to 64 Kbps 

 

2.5 G Wireless Mobile Communication System 

   To support higher data rate, General Packet Radio Service (GPRS) was introduced which 

supports data rates upto 171 Kbps. 



 Enhanced Data GSM Evolution (EDGE) was developed to support data rates upto 473.6 

Kbps for GSM. 

  CDMA2000 standard was introduced to support higher data rates upto 384 Kbps for 

CDMA networks. 

Third  Generation (3G) Wireless Mobile Communication System: 

3G mobile communication started with the introduction of UMTS (Universal Mobile 

Telecommunication System). 

 Launched in 2001 in Japan. 

 Bandwidth:25 MHz 

 Higher Data Rate: 144 Kbps to 2 Mbps 

 Modulation: WCDMA and  OFDM 

 Supports video calling on mobile devices 

 Enhanced security, more users and coverage 

 Supports mobile Apps 

 Supports multimedia messages 

 Location tracking and maps 

 Better web browsing 

 TV streaming 

 High quality 3D games 

 Higher bandwidth requirements to support a higher data rates 

 Costly mobile devices 

   Fourth Generation (4G) Wireless Mobile Communication System: 

 Launched in 2009 in Stockholm 

 4G systems are enhanced version of 3G networks developed by IEEE 

 Bandwidth:100 MHz 

 Supports much higher data rate 100 Mbps to 1 Gbps 

 Modulation: QAM & QPSK 

 Enhanced security and mobility 

 Supports High- definition video streaming and gaming 

 Expensive hardware and infrastructure 

 Voice over LTE network (VoLTE) 

 Uses IP Packets for voice 

 High-end mobile devices compatible with 4 G technology are required which is costly. 

Fifth Generation (5G) Wireless Mobile Communication System: 

 Launched in 2019 in South Korea 

 Supports Ultra fast mobile internet upto 10 Gbps. 

 Bandwidth:100 MHz 

 Freq 30 GHz t0 300 GHz 

 Modulation: OFDM 

 Low Latency in milliseconds 

 Total cost reduction for data 



 Higher security and reliable networks 

 Uses technologies like small cells cells and beamforming to improve efficiency. 

 Cloud based infrastructure offers power efficiency, easy maintenance and upgrade o 

hardware 

Q2. Explain the general model of wireless communication link in brief. 

General Model of Wireless Communication Link: 

The Structure of a wireless communication link involves several key components that work 

together and maintains the connection between the transmitter and the receiver.  

 

Transmitter Side 

 Information Source: It is a device that contains the information, or we can say it produces 
information and that information must be processed before transmitting through the 
propagation channel. 

 Source Encoder: It is a device that compresses the data provided by the information 
source in order to reduce the amount of data to be transmitted by removing the 
redundancies in the data. 

 Channel Coder: It is a device that is used to increase the reliability of the system by 
adding the redundant bit (parity bit) to the codded message to protect against errors that 
may occur during the transmission. 

 Modulator: It is a device that converts the codded message into a signal so that it can be 
transmitted through the communication channel. It converts digital data into analog 
signals. 

 Multiplexer: It is a device that allows multiple signals to share a single transmission line 
by combining them to a single composite signal. 

Propagation Channel  
 It is a physical medium that carries the modulated signal. it is  the medium through which the 
signal travels. It can be air, water, or any other medium that allows the signal to propagate. 

Receiver Side 
 Diversity Combiner: It is a device that combines multiple versions of the same signal that 

have been transmitted through different paths or channels. It Combines all the best-arising 
signals and by combining them produces the high power signal. 

 Equalizer: It is a device that compensates for the distortion introduced by the propagation 
channel by adjusting the amplitude and phase of the received signal.  

 Demodulator: A device that extracts the original codded message from the modulated 
signal received from the propagation channel. it is a device that converts the analog signal 
to digital data. 



 Channel Decoder: It is a device that corrects the errors in the codded message 
transmitted by the information source. It uses various techniques in order to correct the 
errors that occur due to noise and various other causes. 

 Source Decoder: It is a device that performs the opposite of the work performed by the 
source encoder, It decompresses the coded message back to its original format in order to 
recover the original data. 

 Information Sink: A device that receives and processes the information transmitted by 
the information source. 
 

Q3: Discuss the cellular system infrastructure and components in brief. 

ANS: Cellular System Infrastructure: 

Early wireless systems had a high-power transmitter, covering the entire service area. This 
required a very huge amount of power and was not suitable for many practical reasons. The 
cellular system replaced a large zone with a number of smaller hexagonal cells with a single BS 
(base station) covering a fraction of the area. Evolution of such a cellular system is shown in the 
given figures, with all wireless receivers located in a cell being served by a BS. 

                                             

In a cellular structure, a MS (mobile station) needs to communicate with the BS of the cell where 
the MS is currently located and the BS acts as a gateway to the rest of the world. Therefore, to 
provide a link, the MS needs to be in the area of one of the cells (and hence a BS) so that mobility 
of the MS can be supported. Several base stations are connected through hard-wires and are 
controlled by a BS controller (BSC), which in turn is connected to a mobile switching center 
(MSC). 

Several mobile switching centers are interconnected to a PSTN (public switched telephone 
network) and the ATM (asynchronous transfer mode) backbone. To provide a better perspective 
of wireless communication technology, simplified system infrastructure for cellular system is 
shown in the figure: 



                                      

A cellular system requires a fairly complex infrastructure. A generic block diagram in shown in the 
figure: 

 

A BS consists of a base transceiver system (BTS) and a BSC. Both tower and antenna are a 
part of the BTS, while all associated electronics are contained in the BSC. 

The HLR (home location register) and VLR (visitor location register) are two sets of pointers that 
support mobility and enable the use of the same telephone numbers worldwide. 

The AUC (authentication center) unit provides authentication and encryption parameters that 
verify the user's identity and ensure the confidentiality of each cell. 

The EIR (equipment identity register) is a database that information about identity of mobile 
equipment. Both AUC and EIR can be implemented as individual stand-alone units or as a 
combined AUC/EIR unit. 

The HLR is located at the MSC where MS is initially registered and is the initial home location 
for billing and access information. 



In simple words, any incoming call, based on the calling number, is directed to the HLR of the 
home MS where the MS is registered. The HLR then points to the VLR of the MSC where the 
MS is currently located The VLR contains information about all MS visiting that particular MSC 
and hence points to the HLR of the visiting MSs for exchanging related information about the 
MS. 

Such a pointer allows calls to be routed or rerouted to the MS, wherever it is located. In cellular 
systems, a reverse direction pointer is needed that allows traversal of many control signals back 
and forth between the HLR and VLR such bidirectional HLR-VLR pointers help in carrying out 
various functionalities. 

 Q4. Explain the basic terms used in wireless mobile communication. 

ANS: 

Base Station :A fixed station in a mobile radio system used for radio communication with mobile 

stations. Base stations are located at the center or on the edge of a coverage region and consist of 

radio channels and transmitter and receiver antennas mounted on a tower. 

Control Channel: Radio channels used for transmission of call setup, call request, call initiation, 
and other beacon or control purposes. 

Forward Channel Radio channel used for transmission of information from the base station 

to the mobile. 
Full Duplex System: Communication systems which allow simultaneous two-way communication. 

Transmission and reception is typically on two different channels (FDD) although new cordless 
PCS systems are using TDD. 

Half Duplex System:  Communication systems which allow two-way communication by using the 

same radio channel for both transmission and reception. At any given time, the user can only either 

transmit or receive information. 

Handoff:  The process of transferring a mobile station from one channel or base station to 
another. 

Mobile Station: A station in the cellular radio service intended for use while in motion at 

unspecified locations. Mobile stations may be hand-held personal units (portables) or installed in 
vehicles (mobiles). 

Mobile Switching Center: Switching center which coordinates the routing of calls in a large 
service area. In a cellular radio system, the MSC connects the cellular base stations and the mobiles 
to the PSTN. An MSC is also called a mobile telephone switching office (MTSO). 

Page :A brief message which is broadcast over the entire service area, usually in a simulcast fashion 

by many base stations at the same time. 
Reverse Channel: Radio channel used for transmission of information from the mobile to base 

station. 

Roamer:  A mobile station which operates in a service area (market) other than that from 

which service has been subscribed. 

Simplex Systems: Communication systems which provide only one-way communication. 

Subscriber: A user who pays subscription charges for using a mobile communication system. 

Transceiver A device capable of simultaneously transmitting and receiving radio signals. 

 
Q5: Explain how a cellular mobile phone call is made? 

ANS: 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  typically about 5% of the total 
number of channels are assigned as control channels. 
 
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. When a telephone call is placed 



to a mobile user, the MSC dispatches the request to all base stations in the cellular system. The mobile 
identification number (MIN), 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 acknowledgment 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 (typically, between ten to sixty voice channels and just one control 
channel are used in each cell's base station). At this point the base station signals the mobile to change 
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 telephone to ring, 
thereby instructing the mobile user to answer the phone. All of these events occur within a few seconds 
and are not noticeable by the user. 
 
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 stations 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 signaling is applied to the voice 
channels so that the mobile unit may be controlled by the base station and the MSC while a call is in 
progress. When a mobile originates a call, a call initiation request is sent on the reverse control channel. 
With this request the mobile unit transmits its telephone number (MIN), electronic serial number (ESN), 
and the telephone number of the called party. The mobile also transmits a station class mark (SCM) 
which indicates what the maximum transmitter power level is for the particular user. 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 the conversation to begin. 
 
Q6: Explain frequency reuse concept with the help of proper cellular diagram. Also draw a cellular 

system with 19-cell reuse and locate the co-channel cells for this system.           [AKTU 2021-22] 

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

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



 If each cell is allocated a group of k channels and if the S channels are divided among N cells into 
unique and disjoint channel groups which each have the same number of channels, the total number of 
available radio channels can be expressed as        
                                                                  S = kN  
The N cells which collectively use the complete set of available frequencies is called a cluster. If a cluster 
is replicated M times within the system, the total number of duplex channels, C, can be used as a 
measure of capacity and is given 
                                                                 C = MkN = MS  
 The capacity of a cellular system is directly proportional to the number of times a cluster is 
replicated in a fixed service area. The factor N is called the cluster size and is typically equal to 4, 7, or 
12. If the cluster size N is reduced while the cell size is kept constant, more clusters are required to cover 
a given area and hence more capacity (a larger value of C) is achieved. A large cluster size indicates that 
the ratio between the cell radius and the distance between co-channel cells is large. Conversely, a small 
cluster size indicates that co-channel cells are located much closer together. The value for N is a function 
of how much interference a mobile or base station can tolerate while maintaining a sufficient quality of 
communications. 
  From a design point of view, the smallest possible value of N is desirable in order to maximize 
capacity over a given coverage area (i.e.. to maximize C in equation). The frequency reuse factor of a 
cellular system is given by I /N, since each cell within a cluster is only assigned I /N of the total available 
channels in the system. 
 
                                             The number of cells per cluster  N = i2+ij+j2  
              where i and j are non-negative integers. ' 
To find the nearest co-channel neighbors of a particular cell, one must do the following:  
 
(1) move i cells along any chain of hexagons and then 
(2) turn 60 degrees counter-clockwise and move  j cells. This is illustrated in following fog for i = 3 and j = 
2 (example, N = 19). 
 
                            

                          
 
 
Method of locating co-channel cells in a cellular system. In this example, N = 19  (i.e., i = 3, j = 2). 
 
Q7: Discuss different channel assignment strategies used in mobile communication. 

Ans: Channel Assignment Strategies: For efficient utilization of the radio spectrum, a frequency 
reuse scheme with the objectives of increasing capacity and minimizing interference is required. A 
variety of channel assignment strategies have been developed to achieve these objectives. 



 
Channel assignment strategies can be classified as either fixed or dynamic.  
 
Fixed channel assignment strategy: 
In a fixed channel assignment strategy; each cell is allocated a predetermined set of voice channels. Any 
call attempt within the cell can only be served by the unused channels in that particular cell. If all the 
channels in that cell are occupied, the call is blocked and the subscriber does not receive service. Several 
variations of the fixed assignment strategy exist. In one approach, called the borrowing strategy, a cell is 
allowed to borrow channels from a neighboring cell if all of its own channels are already occupied. The 
mobile switching center (MSC) supervises such borrowing procedures and ensures that the borrowing of 
a channel does not disrupt or interfere with any of the calls in progress in the donor cell. 
Dynamic channel assignment strategy 
In a dynamic channel assignment strategy, voice channels are not allocated to different cells 
permanently. Instead, each time a call request is made, the serving base station requests a channel from 
the MSC. The switch then allocates a channel to the requested cell following an algorithm that takes into 
account the likelihood of fixture blocking within the cell, the frequency of use of the candidate channel, 
the reuse distance of the channel, and other cost functions. Accordingly, the MSC only allocates a given 
frequency if that frequency is not presently in use in the cell or any other cell which falls within the 
minimum restricted distance of frequency reuse to avoid co-channel interference. Dynamic channel 
assignment reduce the likelihood of blocking, which increases the trunking capacity of the system, since 
all the available channels in a market are accessible 
to all of the cells. Dynamic channel assignment strategies require the MSC to collect real-time data on 
channel occupancy, traffic distribution, arid radio signal strength indications (RSS!) of all channels on a 
continuous basis. This increases the storage and computational load on the system but provides the 
advantage of increased channel utilization and decreased probability of a blocked call. 
 
Q8. What do you mean by Hand-Off used in wireless cellular communication? Explain a hand off 
situation at Cell boundary by showing proper and improper handoff. 

Ans: Handoff : 

When a mobile moves into a different cell while a conversation is in progress, the MSC 
automatically transfers the call to a new channel belonging to the new base station. Transfer of 
call to a new channel belong to new base station is called Hand-off.  
   This handoff operation not only involves a new base station, but also requires that the voice 
and control signals be allocated to channels associated with the new base station. Handoffs 
must be performed successfully and as infrequently as possible. In order to meet these 
requirements, system designers must specify an optimum signal level at which to initiate a 
handoff. Once a particular signal level is specified as the minimum usable signal for acceptable 
voice quality at the base station receiver (normally taken as between —90 dBm and —100 
dBm), a slightly stronger signal level is used as a threshold at which a handoff is made. This 
margin, given by ∆ = Pr handoff - Pr minimum usable cannot be too large or too small. If ∆ is too large, 
unnecessary handoffs which burden the MSC may occur, and if ∆ is too small, there may be 
insufficient time to complete a handoff before a call is lost due to weak signal conditions. 
Therefore, ∆ is chosen carefully to meet these conflicting requirements.  

 

 



                      
Q9: Explain handoff Strategies used in wireless mobile communication.  
Or 
Illustrate the MAHO technique and Queuing concept in hand off. Also explain the 
different types of handoff in mobile communication. 
Ans: Handoff Strategies: When a mobile moves into a different cell while a conversation is in 
progress, the MSC automatically transfers the call to a new channel belonging to the new base 
station. This procedure is called handoff. The handoffs are of following types: 

1. Hard Handoff 
2. Soft Handoff 
3. Queued Handoff 
4. Mobile Assisted Handoff (MAHO) 

Hard Handoff: 
 The definition of a hard handover or handoff is one where an existing connection must 

be broken before the new one is established. 
 Hard handoff allocates different frequency of user. 
 In hard hand off a handset always communicates with one BS at any given time 
 Hard handoff is typically used in TDMA and FDMA systems. 
 Hard handoff is not very complicated. 
 Since the radio link between the BS and the handset is broken before it is connected in 

hard handoff, the link transfer may fail due to long network response time even if radio 
channels are available in the new BS. 

Soft handoff: 
 Soft handoff is defined as a handover where a new connection is established before the 

old one is released. 
 Soft hand off allocate same frequency. 
 In soft handoff a handset may connect up to three or four radio links at the same time. 
 Soft handoff used in CDMA and some TDMA systems. 



 Soft handoff is more complicated than hard handoff. 
 On the other hand, soft handoff degrades channel availability because a handset may 

consume multiple radio channels. 

Queued hand off: 

The MTSO will queue the requests of handoff calls instead of rejecting them if the new cell sites 

are busy.. With Queuing of originating calls only, the probability of blocking is reduced. It is 

effective when implementing a simple queue for hand off calls which reduces call drops.  

 
Mobile Assisted Handoff (MAHO) 
 Mobile Assisted Handoff (MAHO) is a process used in GSM cellular networks where a mobile 
phone assists/helps the cellular base station to transfer a call to another base station. It is a 
technique used in mobile telecom to transfer a mobile phone to a new radio channel with 
stronger signal strength and improved channel quality. 
MAHO is based on a mobile phone’s capabilities in detecting and identifying better radio 
channels to be used within a call. MAHO works when a mobile phone can scan, review and 
monitor nearby radio channels. The mobile collects the measurements, usually in the form of 
RF signal quality, received signal strength indication (RSSI), bit error rate and similar results 
from other available channels. These measurements are then sent to the base station, which 
evaluates them and transfers the call to the best available channel. 

 In Mobile Assisted Handoff (MAHO) every mobile station measures the received power 
from surrounding base stations and continually reports the results of these 
measurements to the serving base station. 

 A handoff is initiated, when the power received from the base station of a neighboring 
cell begins to exceed the power received from the current base station by a certain level 
or for a certain period of time. 

 In MAHO method call handed over between base stations is much faster than first 
generation analog systems .As handoff measurements are made by each mobile . MSC 
no longer constantly monitors signal strengths. MAHO is particularly suited for 
microcellular environments where handoffs are more frequent. During the course of a 
call, if a mobile moves from one cellular system to a different cellular system controlled 
by a different MSC, an intersystem handoff becomes necessary. 

Intersystem Handoff 
An MSC engages in an intersystem handoff when a mobile signal becomes weak in a 
given cell and the MSC cannot find another cell within its system to which it can transfer 
the call in progress. If during ongoing call mobile unit moves from one cellular system to 
a different cellular system which is controlled by different MTSO, a handoff procedure 
which is used to avoid dropping of call is referred as Inter System Handoff. An MTSO 
engages in this handoff system. 
 

Q10.How prioritizing handoffs technique is used to decrease the probability of force 
termination of a call due to lack of available channels?                                    [AKTU 2015-16] 
 
Ans: Prioritizing Handoffs: Prioritizing handoff techniques are- 

 
(i) Using guard channel concept: 
One method for giving priority to handoffs is called the guard channel concept, whereby a 
fraction of the total available channels in a cell is reserved exclusively for handoff  equests from 



ongoing calls which may be handed off into the cell. This method has the disadvantage of 
reducing the total carried traffic, as fewer channels are allocated to originating calls. Guard 
channels, however, offer efficient spectrum utilization when dynamic channel assignment 
strategies, which minimize the number of required guard channels by efficient demand based 
allocation, are used. 
(ii)Queuing of handoff requests: 
Queuing of handoff requests is another method to decrease the probability of forced 
termination of a call due to lack of available channels. There is a tradeoff between the decrease 
in probability of forced termination and total carried traffic. Queuing of handoffs is possible due 
to the fact that there is a finite time interval between the time the received signal level drops 
below the handoff threshold and the time the call is terminated due to insufficient signal level. 
The delay time and size of the queue is determined from the traffic pattern of the particular  
service area. It should be noted that queuing does not guarantee a zero probability of forced 
termination, since large delays will cause the received signal level to drop below the minimum 
required level to maintain communication and hence lead to forced termination. 
 
Q11. Discuss Umbrella Cell Approach with diagram to enhance the connectivity in mobile 
communication.                                                                                                   [AKTU: 2015-16] 
Ans: Umbrella Cell Approach: 

 Capacity of cellular system can be increased using additional cell sites but it is practically 
difficult to get new physical site in urban areas. Thus instead of new cell sites additional 
channels and base stations can be installed to increase the capacity. 

 Different antenna heights and different power levels can be used to provide small and 
large cells located at single site. This technique is called as umbrella cell approach. 

                     
 

 
                                                      
 
                                                        Umbrella Cell Approach 
 
 

 This approach is used to provide large area coverage to high speed users while small 
area coverage to low speed users. It also ensures additional microcell channels for 
pedestrian users. 



 The speed of each user is estimated by base station or MSC by evaluating how rapidly 
the short term average signal strength on RVC changes over time or with sophisticated 
algorithms. 

 If high speed user in the large umbrella cell is approaching the base station, and its 
velocity is rapidly decreasing, the base station may decide to hand the user into the co-
located microcell without MSC permission. 

 This approach is basically used to reduce number of hand off for high speed users.  

Q12: What are the main sources of interferences in cellular mobile communication?   

Ans: Interferences in cellular wireless mobile system: 

Interference is the major limiting factor in the performance of cellular radio systems. Sources of 
interference are- 

 Another mobile in the same cell  

 a call in progress in a neighboring cell 

 Other base stations operating in the same frequency band 

  Any non-cellular system which leaks energy into the cellular frequency band.  
 

Interference on voice channels causes cross talk, where the subscriber hears interference in the 
background due to an undesired transmission. On control channels, interference leads to 
missed and blocked calls due to errors in the digital signaling. Interference is more severe in 
urban areas, due to the greater HF noise floor and the large number of base stations and 
mobile phones. 
The main two sources of interference are 

(i) Co-channel interference 
(ii) Adjacent- channel interference 

 
Co-channel interference: 
Co-channel cells are those cells that use the same frequency in a given coverage area. 
Interference from these cells is called co-channel interference. In cellular wireless system, the 
cells are clustered as close together as possible to reduce the co-channel interface and provide 
sufficient isolation. Co-channel interference can be reduced by- 

 Proper planning and implementation. 
 The frequency reuse technique increases overall system capacity and reduces co-channel 

interference. 
 The co-channel interference can be reduced by using directional antennas. This means that, 

each cell is divided into three or six sectors and use three or six directional antennas at a 
base station. 

 
Adjacent Channel Interference 
The interference that results from the signal that is adjacent in frequency to the required signal 

called adjacent channel interference. 

 The reasons behind adjacent channel interference are as follows:  

 Due to multiple channels close to each other communicating using similar frequencies.   
 Irrelevant power emission from an adjacent channel. 
Adjacent Channel Interference can be reduced by- 



 Proper filtering 
 Careful Channel Assignments    
 By managing the space between two adjacent cells which should remain constant. 
  
Q13. Describe the effect of co-channel interference in cellular systems. How it affects system 
capacity? 
Ans: Effect of Co-channel interference on system capacity: 
Co-channel cells are those cells that use the same frequency in a given coverage area. 
Interference from these cells is called co-channel interference. Co-channel interference cannot 
be compensated  by simply increasing the carrier power of a transmitter This is because an 
increase in carrier transmit power increases the interference to neighboring co-channel cells. To 
reduce co-channel interference, co-channel cells must be physically separated by a minimum 
distance to provide sufficient isolation. 
 
When the size of each cell is approximately the same, and the base stations transmit the same 
power, then co-channel reuse ratio  Q  for a hexagonal geometry is given by-                                               
 

                                                                    
 Where D= Distance between centers of the nearest co-channel 
              R= Radius of Cell 
              N= Cluster Size 
By increasing the ratio of D/R, the separation between co-channel cells relative to the coverage 
distance of a cell is increased. Thus interference is reduced. A small value of Q provides larger 
capacity since the cluster size N is small, whereas a large value of Q improves the transmission 
quality, due to a smaller level of co-channel interference. A trade-off must be made between 
these two objectives in actual cellular design. 
 

Let i0 be the number of co-channel interfering cells. Then, the signal-to interference ratio (S/I or 

SIR) for a mobile receiver which monitors a forward channel can be expressed as  

                                              
where S is the desired signal power from the desired base station and I is the interference 
power caused by the i th interfering co-channel cell base station 
 
 
 
 
 

The average received power Pr at a distance d from the transmitting antenna is approximated 

by 

                                                    

                                                 
where                  P0 = Power received at a close-in reference point in the far field region of the 

antenna at a small distance d0 from the transmitting antenna 



                             n = Path loss exponent                             
                         
Considering only the first layer of interfering cells .When the transmit power of each base 
station is equal and the path loss exponent is the same throughout the coverage area, S/I for a 
mobile can be given as - 

                                                       
 
The above equation relates S/I to the cluster size N which determines the overall capacity of the 
system. 

                                       
 Illustration of the first tier of co-channel cells for a cluster size of N=7. When the mobile is at 
the cell boundary (point A), it experiences worst case co-channel interference on the forward 
channel. In this case for n=4, the S/I ratio can be given as- 

                                                

                                                   
                               
Q-14 If a signal to interference ratio of 15 dB is required for satisfactory forward channel 
performance of a cellular system, what is the frequency reuse factor and cluster size that 
should be used for maximum capacity if the path loss exponent is (a) it = 4 ,  (b) it = 3? Assume 
that there are 6 co-channels cells in the first tier, and all of them are at the same distance 
from the mobile. Use suitable approximations.                                         [AKTU: 2021-22]                        
 

ANS:  

 (a) When Path Loss Exponent n = 4 

First, let us consider a 7-cell reuse pattern. 

N=7 

Number of co-channel interfering cells  

I0=6 
Co-channel reuse ratio  



Q= D/R =  3𝑁 =    3 ∗ 7  = 4.583. 

Signal-to-noise interference ratio is given by 

 

              

S/I= (I/6)x(4.583)4 = 75.3 = 18.G6 dB. 

Since this is greater than the minimum required S/I, N = 7 can be used. 

 

b) When Path Loss Exponent n = 3 
First, let us consider a 7-cell reuse pattern. 

 Signal-to-interference ratio is Number of co-channel interfering cells  

I0=6 
 given by 

S/I = (l/6)x(4.583)3 = 16.04 = 12.05 dB. 

Since this is less than the minimum required S/I, we need to use a larger 

N. Let N = 12, (I = j = 2). 

The corresponding co-channel ratio is given by  

Q= D/R = 3𝑁 =  3 ∗ 12 = 6.0. 

 

Signal-to-interference ratio is given by 

S/I = (1/6) X (6)
3
 = 36 = 15.56 dB. 

Since this is greater than the minimum required S/I, hence N = 12 can be used. 

 

Q15. If a total of 33 MHz of bandwidth is allocated to a particular FDD cellular telephone  
system which uses two 25 kHz simplex channels to provide full duplex voice and control 
channels, compute the number of channels available per cell if a system uses (a) 4-cell reuse, 
(b) 7-cell reuse (c) 12-cell reuse. If 1 MHz of the allocated spectrum is dedicated to control 
channels, determine an equitable distribution of control channels and voice channels in each 
cell for each of the three systems.                                                             [AKTU 2014-15, 2015-16]] 
 
 
Ans: Given: Total bandwidth =33 MHz 

Channel bandwidth = 25 kHz x 2 simplex channels = 50 kHz/duplex channel 

Total available channels = 33,000/50 = 660 channels 

 
(a) For N= 4, 

total number of channels available per cell = 660/4= 165 channels. 

 
(b)For N=7, 
 
5 Cell with 94 voice channels 
2 cell with 95 voice channels 
 
(c) For N = 12, 
total number of channels available per cell = 660/12 = 55 channels. 
 
A 1 MHz spectrum for control channels implies that there are 1000/50 = 20 control channels 
out of the 660 channels available. 'To evenly distribute the control and voice channels, simply 
allocate the same number of channels in each cell wherever possible. Here, the 660 channels 



must be evenly distributed to each cell within the cluster. In practice, only the 640 voice 
channels would be allocated, since the control channels are allocated separately as 1 per cell. 
 
(a) For N = 4, we can have 5 control channels and 160 voice channels per cell. 
 
In practice, however, each cell only needs a single control channel (the control channels have a 
greater reuse distance than the voice channels). Thus, one control channel and 160 voice 
channels would be assigned to each cell. 
 
(b) For N = 7, 4 cells with 3 control channels and 92 voice channels, 2 cells with 3 control 
channels and 90 voice channels, and 1 cell with 2 control channels and 92 voice channels could 
be allocated. In practice, however, each cell would have one control channel, four cells-would 
have 91 voice channels, and three cells would have 92 voice channels. 
 
(c) For N = 12, we can have 8 cells with 2 control channels and 53 voice channels,  and 4 cells 
with 1 control channel and 54 voice channels each. In an actual system, each cell would have 1 
control channel, 8 cells would have 53voice channels, and 4 cells would have 54 voice channels. 
 
Q15: Discuss the techniques to improve the coverage and capacity of a cellular system. 
                                                                                                                       [AKTU 2017-18, 2015-16] 
ANS: Improving Capacity In Cellular Systems:  To improve the coverage and capacity of a 
cellular system, the three main techniques are- 

(i) Cell Splitting 
(ii) Sectoring 
(iii) Microcell Zone Concept 

(i)Cell Splitting: 
Cell Splitting is the process of subdividing a cell into smaller cells each with its own Base 
Station. On splitting, new cells with smaller radius are added called microcells. Each new cell 
created is independent and has reduced antenna height and transmitter power. The creation 
of new smaller cells increases the capacity of the system as a whole. Cell Splitting increases 
the frequency reuse factor. A higher frequency reuse factor increases the capacity of the 
cellular system in Cell Splitting.  

 

                          



 
Advantages 
 Increases the capacity of the channel considerably. 
 Enhances dependability of cellular networks. 
 Increases the frequency reuse factor. 
 Increases signal-to-noise (SNR) ratio. 
 Reduces interference. 
Disadvantages 
 For each individual cell, an individual base station is required so a huge number of base 

stations are needed in this process. 
 Handoff occurs frequently. 
 Assigning channels is difficult 

 
Cell Sectoring 
Cells are divided into a number of wedge-shaped sectors, each with its own set of channels. 
By wedge-shaped we mean that the cells are divided at an angle of 120° or 60°. These 
sectored cells are called microcells. Like Cell Splitting, it also helps in increasing channel 
capacity and decreases channel interference. 3 or 6 sectors are created from a given cell. But 
unlike Cell Splitting, here the cell radius does not change after sectoring the cells although the 
co-channel reuse ratio has decreased. It increases system performance by using a directional 
antenna.  

                                  
 



                         
Illustration of how 120° sectoring reduces interference from co-channel cells. Out of the 6 co-channel 

cells in the first tier, only 2 of them interfere with the center cell. If omni-directional antennas were 

used at each base station, all 6 co-channel cells would interfere with the center cell. 

 
 
 
Advantages 
 Sectoring increases the signal-to-interference ratio which means the cluster size gets 

reduced. 
 Reduces interference without altering the system performance. 
 Increases channel capacity without necessarily changing the cell radius.  
 Increases frequency reuse by reducing the number of cells in the cluster.  
 Assigning a channel is easier. 
Disadvantages 
 Increases the number of antennas per base station. 
 It decreases efficiency as sectoring reduces the channel groups. 
 Excessive interference leads to traffic loss. 
 The number of handoffs increases as the working area of the cell decreases in Cell 

Sectoring. 
 
Microcell Zone Concept 
 The increased number of handoffs required when sectoring is employed results in an increased load on 
the switching and control link elements of the mobile system. A solution to this problem was proposed 
by Lee . This proposal is based on a microcell concept for 7 cell reuse, as shown in fig. In this scheme, 
each of the three (or possibly more) zone sites are connected to a single base station and share the 
same radio equipment. The zones are connected by coaxial cable, fiber optic cable, or microwave link to 
the base station. Multiple zones and a single base station make up a cell. 
 
 
 
 
 
 
 



                                                               
 
                                                   Microcell Zone Concept 
 
As a mobile travels within the cell, it is served by the zone with the strongest signal. This approach is 
superior to sectoring since antennas are placed at the outer edges of the cell, and any base station 
channel may be assigned to any zone by the base station. 
 
As a mobile travels from one zone to another within the cell, it retains the same channel. Thus, unlike in 
sectoring, a handoff is not required at the MSC when the mobile travels between zones within the cell. 
The base station simply switches the channel to a different zone site. In this way, a given channel is 
active only in the particular zone in which the mobile is traveling, and hence the base station radiation is 
localized and interference is reduced. The co-channel interference in the cellular system is reduced since 
a large central base station is replaced by several lower powered transmitters (zone transmitters) on the 
edges of the cell. Decreased co-channel interference improves the signal quality and also leads to an 
increase in capacity. 
 

Q16.Discuss various types of small scale fading based on multipath time delay spread. 

Distinguish between flat fading and frequency selective fading.                        [AKTU 2017-18] 

Ans: Fading: 
 Fading in wireless communication is defined as the fluctuation in the strength of the signal received at 

the receiver. These are basically unwanted variations introduced at the time when the signal propagates 

from an end to another by taking multiple paths. 

Small scale fading is concerned with rapid fluctuations of received signal strength over very short 
distance and short time period. 
 

 
 Based on multipath delay spread there are two types of small scale fading viz. flat fading and 
frequency selective fading.  
 



Flat fading: 
If the mobile radio channel has a constant gain and linear phase response over a bandwidth which is 

greater than the bandwidth of the transmitted signal, then the received signal will undergo flat fading. 
In this type of fading all the frequency components of the received signal fluctuate in same proportions 
simultaneously. It is also known as non-selective fading. 
The effect of flat fading is seen as decrease in SNR. These flat fading channels are known as amplitude 
varying channels or narrowband channels. 
 

             
                                                        Flat Fading   

 Channel response in flat fading impaired signal has flat gain/linear phase over bandwidth (BW) 
which is greater than signal BW. 

 Spectral characteristics of flat fading impaired signal are preserved over time. 

 The above figure shows time domain and frequency domain flat fading channel characteristics. 

  As gain of the signal varies over time, flat fading channels are known as amplitude varying 
channels. They are also called as narrowband channels as signal BW is narrow compare to 
channel BW.  

  Signal undergoes flat fading if following conditions are met- 
                            BW  of signal < BW of channel 
                            Delay spread <Symbol period 
 

Frequency Selective Fading: 
If the channel possesses a constant-gain and linear phase response over a bandwidth that is smaller 
than the bandwidth of transmitted signal, then the channel creates frequency selective fading on the 
received signal. 
It affects different spectral components of a radio signal with different amplitudes. Hence the name 
frequency selective fading. 

 In this faded signal, channel response of signal has constant gain/linear phase over 
bandwidth (BW) which is less than that of signal BW. 

  It is caused by ISI (Inter Symbol Interference) where in received signal consists of 
multiple delayed and attenuated versions of the transmitted signal. 

 The above figure shows time domain and frequency domain frequency selective 
fading channel characteristics. 

  
 Signal undergoes frequency selective fading if following conditions are met- 

                                                     BW of signal > BW of channel 
                                                                                      Delay spread > Symbol period 

 



                   
 

 
                                                Frequency selective fading 
 
Difference between flat fading and frequency selective fading: 

Following points summarize difference between flat fading and frequency- 

In flat fading, BW of signal is less than the BW of channel where as in frequency selective fading, BW of 

signal is greater than BW of channel. 

➨In flat fading, delay spread is less than symbol period where as in frequency selective fading, delay 

spread is greater than symbol period. 

➨In flat fading, range of frequencies in a frequency spectrum are equally faded unlike in frequency 

selective fading where in one part of frequency spectrum is faded more than the other part of frequency 

spectrum. 
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     Q1. Classify and explain different types of vocoders.                                                           
                                                                               [AKTU 2021-22, 19-20, 16-17, 14-15] 
ANS: 

  

 



 

 



Q2. Write the properties of speech signal.                              [AKTU: 2021-22] 

ANS: 

 



 

Q3. Explain Linear Predictive Coder (LPC) with block diagram. 

ANS: 

 

 



    

                                                                                           

 

 

 

 

Q4. What is PN sequence? Explain the generation of PN sequence with the help of 3- bit linear 

feedback shift register.                            [AKTU: 2021-22, 2017-18] 

ANS: 

 



 

 

 

 



 

Q5. With the help of block diagram and suitable expressions explain the generation and 
reception of direct sequence spread spectrum (DS-SS) signal using BPSK modulation.                                                                 
[AKTU:  2017-18] 
ANS: 

 



 

 

 

 



 

 

 



 

Q6. What is frequency hopped spread spectrum technique? Explain frequency hopped spread 

spectrum transmitter and receiver with block diagram. 

Ans: 

 

 



 

 

 



 

Q7. Explain Diversity technique.                                                                   [AKTU: 2017-18] 

 

Q8: Derive an expression for selection diversity improvement in terms of probability of 

receiving signal using single branch or using M branch.              [AKTU: 2015-16, 2017-18] 

ANS: 



 

 

 



 

Q9: Derive an expression for maximal ratio combining improvement in terms of probability of 

receiving signal using single branch or using M branch.  

 

 



 

Q10: What is space diversity? Explain different methods used to implement space diversity. 

ANS: 

 



 

 

 



 

 



 

 

Q11. Explain different types of diversity techniques used in wireless communication.    

                                                                                                                                              [AKTU: 2018-19]                                                                                                                                                                                                                                   



ANS: Diversity techniques can be classified as-

 

 

 



 

 

 

Q12 Explain multiplexing in MIMO system.                                                  [AKTU: 2018-19] 

ANS: Multiplexing in MIMO system: 
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 Q1.  What do you mean by multiple access techniques? Explain FDMA in detail with suitable 
diagram.                                                           [AKTU:2018-19. 2021-22] 

ANS:

 

 



 

 
Q2.  Explain TDMA in detail with suitable diagram.                     [AKTU:2018-19,  2021-22] 

 
ANS: 

 



 

 

 



 

                                                                                               

 

 

Q3.  Explain spread spectrum multiple access in detail.                      



ANS:

 

 



 

 

 

Q4.  Write a short note on CDMA technique.                                           [AKTU:2018-19] 
                                                      Or  
Explain direct sequence multiple access  (DSMA) technique in detail.                      
ANS: 



 

 

 



 

 
Q5.  Write a short note on Frequency hopped multiple access  (FHMA) technique. 

 



 

Q6.  Write a short note on hybride spread spectrum  multiple access  technique.  



ANS:

 

 



 

 

 



 

Q.7.  Write short note on OFDMA.   [AKTU: 2017-18] 

ANS:

 



 

 

 

Q8.  Draw and explain RAKE receiver using block diagram.    [AKTU:2017-18, 2018-19] 



ANS:

 

 

 



 

 

Q9. Explain adaptive  equalization and decision feedback equalizer.  [AKTU: 2018-19] 

ANS: Adaptive equalization:

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

Q10: Show that an equalizer is an inverse filter of the channel. [AKTU: 2015-16] 



ANS: Adaptive Equalizer:

 

 



 

Q11. Explain pure ALOHA & Slotted ALOHA protocol. [AKTU: 2017-18, 2021-22] 

 



 

 

 



 

 

Q12:  Write a short note on CSMA/CD protocol.                                 
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Q.1 What is GSM? Write its services & features in brief. 
Ans: 



 

 



 

Q2. Explain GSM network architecture. Also give brief view of various Interface standard in 
GSM.                                                                                                               [AKTU: 201 6-17, 2021-22] 
ANS:  GSM Network Architecture: 

                                                                             

 



 

 

 



 

 

 

 

 

 

 



 

 

Q3. Describe GSM Radio subsystem. 

 



 

 

Q4. Explain signal processing and GSM operation from speech input to speech output with 
diagram.                                                                                                            [AKTU: 20 15-16, 2017-18] 
ANS: 
 

 

 

 

 



                       

 

 



 

Q5.Explain GSM frame structure. 

ANS: GSM Frame Structure: 

 

 



 

 

Q6. Write a short note on ‘General Packet Radio Service’ (GPRS) 

ANS: 



 

 

 

 

 



 

 

 



 

Q7. Write short note on IMT-200 standard.                              [AKTU: 2014-15] 
ANS: 

 



 

 

 

Q8: Describe IS-95 wireless standard in detail.                                             [AKTU:2018-19] 
ANS:  



 

 



 

 

Q9: Explain the network architecture of UMTS. [AKTU:2021-22] 
 

 

 



ANS:

 

 



 

 

 



 

 

 

Q10. Write a short note on WLL (Wireless Local Loop).  

ANS: 



 

 

 

 

 

 



 

 



 

 

 

 



 

Q11. Explain Long Term Evolution in wireless communication. [AKTU: 2018-19] 
ANS: 

 

 



 

 

Q12. Write a short note on mobile satellite communication.  

ANS: 
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Q1. What do you understand by Mobile data network? Explain important features of Ad-Hoc 
networks.   [AKTU 2016-17,17-18,18-19,21-22] 
ANS:

 

 



 

                      

   

       



 

 

 

 



 

Q2: Write a short note on ‘Bluetooth’                                                                       [AKTU 2021-22] 

ANS: 

 

 



     

                 

 

 
 
 
 
 
 
 
 
 
 
 
 



Q3. Explain Wi-Fi Standard.                                           [AKTU-2021-22] 
ANS: 

 

 

 

 



 

 

 



 

 

Q4: Explain WiMax Standard.                                       [AKTU 2021-22]    

 



                 

                                                                



 

Q5. Write the difference between WiFi and WiMax. 

 

 

 



 

Q6. Write a short note on Li-Fi communication.           [AKTU 2021-22] 

 

 

 



 

 

 

 

 

 



Q7. Write a short note on Ultra Wideband Communication. 

Ans: 

 

 



 

 

Q8. Write a short note on 4G mobile communication system.  

                                                                                          [AKTU 2017-18, 18-19, 21-22] 

 



 

 

Q9. Write a short note on 5G mobile communication system.        [AKTU 2021-22] 

 



 

 



 

Q10. Discuss the Next Generation Network (NGN) systems for mobile communication. 

                                                                                             [AKTU 2016-17,17-18,18-19] 

 



 

 

 



 

 

 

 

 
 
 


