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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:

e Launched in Tokyo in 1979

e Technology: Analog Switching

e Frequency: 800 MHz and 900 MHz

e Bandwidth : 10 MHz (666 Duplex Channels with a bandwidth of 30 KHz
e Data Rate:2.4 Kbps

e Modulation : Frequency Modulation (FM)

e Mode of Service: Voice only

e Access Technique: Frequency Division Multiple Access (FDMA)
e Poor Voice Quality

e Large Size Mobile Phones

e Roaming was not possible

e Limited number of users and cell coverage

e Less Security

Second Generation (2G) Wireless Mobile Communication System:

o Launched in Finland in 1991

o Technology: Digital Switching

o Bandwidth: 25 MHz

o Modulation : Gaussian Minimum Shift Keying (GMSK)

o Standard: Global System for Mobile Communication (GSM) and Code Division
Multiple Access (CDMA)

o SMS service possible

. Roaming is possible

o Enhanced Security

. Encrypted Voice transmission

o First internet at lower speed

o Data Ratel4.4 to 64 Kbps

2.5 G Wireless Mobile Communication System
e 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



e Higher security and reliable networks

e 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.

Information Source Channel Modulator

Multiplexer
Source Encoder Coder
Propagation
Channel
Information Source Channel Demodulator Equalizer Di\fef‘_iit?
Sink Decoder decoder Combiner

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.



e 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.

e 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.

o 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.

Fig: Early wireless system: large zone
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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:
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Fig: cellular system infrastructure

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

e

i Base station system _J] VLR l MS - Mobile Station

' s ' MSC = Mobile Switching
| - HLR Center

BSC - Base Station
Controller

.................. S——" VLR ~ Visitor Location
3 Register

BTS « Base Transcelver
System

ALC ~ Authentication
Center

HLR - Home Location

BSC

. Register
Gateway L I' pSTNISDN
MSC EIR — Equipment 1dentity
Register
PSTN — Public Switching
Base station system | Telephone Network

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: lllustration 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 | /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 = i?+ij+’
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 fori=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 assighment 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 assighment 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 A = P, handoff = Pr minimum usable C@NNOt be too large or too small. If A is too large,
unnecessary handoffs which burden the MSC may occur, and if A is too small, there may be
insufficient time to complete a handoff before a call is lost due to weak signal conditions.
Therefore, A is chosen carefully to meet these conflicting requirements.
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Q9: Explain handoff Strategies used in wireless mobile communication.

Or

lllustrate 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

e Hard handoffis typically used in TDMA and FDMA systems.

e Hard handoff is not very complicated.

e 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 COMA and some TDMA systems.



¢ Soft handoff is more complicated than hard handoff.
¢ Onthe 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 (MAHOQ) 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.

e 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:
e 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.

o 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.

- Small microcells for
Large Umbrella cell for low speed traffic
high speed traffic

Umbrella Cell Approach

e 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.



e 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.

o 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.

e 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-

e Another mobile in the same cell

e acallin progressin a neighboring cell

e Other base stations operating in the same frequency band

e 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

(i) 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-

e Proper planning and implementation.

e The frequency reuse technique increases overall system capacity and reduces co-channel
interference.

e 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:
e Due to multiple channels close to each other communicating using similar frequencies.

e Irrelevant power emission from an adjacent channel.
Adjacent Channel Interference can be reduced by-



Proper filtering
Careful Channel Assignments
e 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-

-D_
Q=2- s

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 ip 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

s..s
g
S
1=1
where S is the desired signal power from the desired base station and | is the interference
power caused by the i th interfering co-channel cell base station

{

The average received power P, at a distance d from the transmitting antenna is approximated
by

d‘ —n
Pr = P| =
{z)
P - d
, (dBm) = Py (dBm) —10nlog| —
o
where Po = Power received at a close-in reference point in the far field region of the

antenna at a small distance dg 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 -

I iy Iy

S _ (D/R) _ (3N

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

S R

I 2 p-R*+2D+Ry +2D™

I
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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
l,=6

Co-channel reuse ratio



Q=D/R=+v3N = 3 %7 =4583.

Signal-to-noise interference ratio is given by

I Iy iy

S/1= (1/6)x(4.583)" = 753 = 18.66 dB.
Since this is greater than the minimum required S/I, N = 7 can be used.

S _(D/R)" _ (3N

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
|0=6

given by

S/l = (1/6)x(4.583)° = 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=] =2).

The corresponding co-channel ratio is given by

Q=D/R =V3N =312 = 6.0.

Signal-to-interference ratio is given by
S/l = (1/6) x (6)%=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 sSimplex 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) ForN =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

e Increases the capacity of the channel considerably.

e Enhances dependability of cellular networks.

e Increases the frequency reuse factor.

e Increases signal-to-noise (SNR) ratio.

e Reduces interference.

Disadvantages

e 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.

e 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.




lllustration 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
e Sectoring increases the signal-to-interference ratio which means the cluster size gets
reduced.

e Reduces interference without altering the system performance.

¢ Increases channel capacity without necessarily changing the cell radius.

e Increases frequency reuse by reducing the number of cells in the cluster.

e Assigning a channel is easier.

Disadvantages

e Increases the number of antennas per base station.

e |t decreases efficiency as sectoring reduces the channel groups.

e Excessive interference leads to traffic loss.

e 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.
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Zone Selector

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.
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Flat Fading

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

e Spectral characteristics of flat fading impaired signal are preserved over time.
e The above figure shows time domain and frequency domain flat fading channel characteristics.
e 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.
e In this faded signal, channel response of signal has constant gain/linear phase over
bandwidth (BW) which is less than that of signal BW.
e Itis caused by ISl (Inter Symbol Interference) where in received signal consists of
multiple delayed and attenuated versions of the transmitted signal.
e The above figure shows time domain and frequency domain frequency selective
fading channel characteristics.

e Signal undergoes frequency selective fading if following conditions are met-
BW of signal > BW of channel
Delay spread > Symbol period
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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.

= |n flat fading, delay spread is less than symbol period where as in frequency selective fading, delay
spread is greater than symbol period.

= |n 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:
% Vocodets oxe o

cQoss oF sSypeech
Coduing Sysiewms Yok ovalyze Y0 voice
Sigool oX ¥re Ysonswarrex,; Ywonswiy ‘panowetrexs
dewived SFsom ¥ne onolysis,

ond Yren sSymYnesize
Yre veoice LsINg  Anose ‘panamneleys .

el

speech Signol is two typen — Verceel awmd
LUrwortced - VJVoiced Souwnd (thg

N, U psotunciahons)
oxe ‘pwsoducedd by Vibsaions of Vocol chosd.
Unniuol e el Scumds  F,; S,

s posonoumdalions T Qwe

bvooducead vy b€ flow Moo ough  Yostuedn A constwsycothvon
The “‘gonawnmelers -

assoctiatrecd Ju Meh vOocdled aowe Yne
Volica ‘oifew , Pade Fsequeoemcien of odelatiney

Sthey OWMd  Ane cmifnbmltm:ﬁ aveplituce poanawmelex S.

The ‘pofe Jweoyumomcoien <ovvespood | An ne ~e senoniT
Sveapencien of JUecod Ysack ane

calted Fovmoants
of Ane speechn shgnad. By gd@u,n-’h'wh WWe poasamees s

Dﬁ- S‘P"C’E"C‘\‘\ Cﬁth@_"(ﬂh‘ch *I'*ﬁﬂd.ﬂ,‘ :bcod Wv\q deQCh
caxm we  Smihaesized .

ypes of Vocodets-

» Cyooned Jocodexs

¥ Foysnony Vocodexs

¥ Cepstyurt Vocodels

» Voice —Exciyed NocodeXs.

oo e e rwrwr~iLa

@ Chonnel Vocodess -

e

equenc
Cronned Vocode¥s ose Feequency

: ~ WYnese

Moen SC‘W\P{Q' enco oaXnev *_‘pQ“ﬁE"ﬁg
pere 85 oo Yo Yoe exoded SuXguAs ofF XYne
sosegRes Wt

s Yo 30 YOS
veny \o o
= Ve €0ORTBY to Fosxeaimon of
e
x PARoOE W

. \ 'S'Seqpﬂmcfj
woe Jon [ U’G‘\\Jo‘ll ced de_c.iS\O‘(\, 0\'\:‘3« ¥ne \P e
\ced . |
\joic.ecl s,‘peedﬂ oxe aJJDO '\r‘congmﬁ\—ed
'5’0‘(



AesS ~
W) FoxTony Nocodet> T )
» Foyxwonrs oXe gseamency peoks 0 :m:\\ :bemgfg
won \nave O g deqsee of exnexqyy: Y
w

e s‘pecially \Q-sc;m'me_{\’r n Voweks.
can operate at

¥ Theovecolly Mne Soswant Veocoder
Rowey ir «a¥e Xaon channel vocoder “vecause 2% user

Sfewew convrsol S;Q)‘n&ﬂs‘
¥ dnstead of Sending sorrples of the Ppowev shectrum

QTjUthPtu Yoo formanY VYocodevy Nsonswuts Yne
Posiiong of Yre pea (foxmanis) of Shectrxol envefope ,

o ,
Tyexatty , o Sorwmant Vocodevw musr be oke Yo idewnfy
ot Least Msee JocwoS Soy selpTesemtitng Mre sheech
of

SSund) amd 1% teust afne Condsol e \nteasiles

Yoo fovenovas.,
*  Tosrramt Vocodexs con wepsoducs Speech of ot sa¥e

RoueY Xoon V200 Prs/ S.
% Due Yo diffcoties in Occusoely COPLANG Yoo

Recakion of fovmame ond Sosmant tsansifions Ssom
northan Sheech, dovteandt  Uocodexs Ose WMoY uveny sucess§ul -

(3.) CQPS*TUJ“\ VOCOdQ.fS'—'

¥ The Cepsryum Vocodey sSepevctes fhe excitohon
O™ Vocof Frvock Specksum by TnveYse fFouwiev
txansfoxming of e Rog wagnitude specrrum o

\D-o’oduce Ahe Ce\)?’f‘ﬁhm of Xnhe sigr\cﬂ.-
70 ¥ne cepstzum

% The Low Jveouemncy coeffrcients
coxtorpondd Ao e VJocol Awock spectvsal ewnuvelope,

wWida ¥e uoh freamenty excizahon <oedficlents
SJoxveing o Yestodic Puse yyawn oX wounples of

e 2ampPling  pestod




x Lineovx $Ryexing is pexfosmed o  gepexate ¥ne
Vocal Xgock cepstsal coef cdenys Jsomm Ane
excitavrion CoefNcaenty

X 9% ¥oe -secoivew,; ¥ne vocal Amacy cepstwol

coeffcients oxe Fouwier Fsowsrfoseaned +o bsoduce
Yne Yool fsock imputse <esponk. By ConveRouing
Yaln impulse senponse wWWn a  SywWelhc exccitadromn
signad  (~condom moise o periodic puetse 4vain),
e owigineld speech s weconstsuched,

Voice - Exared Jocodexs —

% Voice eoxdied Vocodexs -elwina¥e ¥ne ~weed ofF
Pitchh exisockon owd Vsrcing de¥eckhons .
Twh Systermn wises o nybwia cambinakion of

PO Awons®usSion Fonx Low Fseonemnty bo"("ﬁd oF
Se=ech | combined wntn Crhonneld Vocoding

of nigwnexy JIweomewnty vands ,

x A Prcr Sigoot 1S @enexalted ot W;_ .511'\'\:;‘:;2&"
by wecrifying,; bdondpass Serexinoy . ana e Kl
Yne Yosevand Sigwvod.
¥ Voice exuirea VUocodexs opesare o '7'1-:-0'\3]3
Yo 2¢o 6 oWs[S and ¥oen spuolity \S sSupexioy
o Asadilonal pikch exccixed Jocodexs

Q2. Write the properties of speech signal. [AKTU: 2021-22]
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Q3. Explain Linear Predictive Coder (LPC) with block diagram.
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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]
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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]
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Q6. What is frequency hopped spread spectrum technique? Explain frequency hopped spread
spectrum transmitter and receiver with block diagram.
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Q7. Explain Diversity technique. [AKTU: 2017-18]
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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]
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Q9: Derive an expression for maximal ratio combining improvement in terms of probability of
receiving signal using single branch or using M branch.
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Q10: What is space diversity? Explain different methods used to implement space diversity.
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Q11. Explain different types of diversity techniques used in wireless communication.

[AKTU: 2018-19]
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Q12 Explain multiplexing in MIMO system. [AKTU: 2018-19]
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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]
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Q2. Explain TDMA in detail with suitable diagram. [AKTU:2018-19, 2021-22]
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Q3. Explain spread spectrum multiple access in detail.
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Q4. Write a short note on CDMA technique. [AKTU:2018-19]
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Explain direct sequence multiple access (DSMA) technique in detail.
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Q5. Write a short note on Frequency hopped multiple access (FHMA) technique.
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Q6. Write a short note on hybride spread spectrum multiple access technique.
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Q.7. Write short note on OFDMA. [AKTU: 2017-18]
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Q8. Draw and explain RAKE receiver using block diagram. [AKTU:2017-18, 2018-19]
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Q9. Explain adaptive equalization and decision feedback equalizer. [AKTU: 2018-19]
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Q10: Show that an equalizer is an inverse filter of the channel. [AKTU: 2015-16]



ANS: Adaptive Equalizer:

i Rodio
ox\ginol _J seutrey
Qaseband — wodutatoy 3| TwoD channel
Mesgagl
o)

Do R¥ Receivev
Mmakrched 1§ svoge \ Fyont End l

. Fietev

Eopuivolent
nawE /' Recons xucted
. Messaga da
Nol) W DeciSian 32 date
3} EQolize | romeey A
BiE)
)
at)
— o~
¢ 5
e®

Eoualizey Predichon €YYo

Block diogsam of a Siwmplifed cowmunicahon

System uoing an oadaphive equalizey o the
BeCLivey

95 §@) = Corbined impudlse wesponse of ¥he twansmittey,
chonnel and RF/IF Sechons of Yhe weceivey

XH#) Oviginal messadge Signal
Signal ¥weceived by ¥ne equailizey

Qed = XEI@ F¥¢) + Nplt )
Vo) = Pbosepand woise ar Yhe inped  of egualizev

heoay ) = Smpudse sespanse of equalizev ; then
cuwxput of ¥Yne edualizev

25)



- )@ &) * NpEI D hew® 2 — AL

whexe Q&)= compined ivipule serponse of .
Yvanswittey , channel ; RE]IF Sechon
o} wseceivenw omd ecqualizev

Yea, £ = = Cwu SC{._._“T}
™
tonece , Cn — Cownplex Sietex coesficentr of eyualizev
» =3

e donived ourputr of ecuals 2en

is oc&E) 1 Yoe ovigyinal
data Scownce .,

Asswme MNp@E)=0., ¥ren M ovxder o fovca
Y ety =occt ) v Camabion (1), @) wauust be  ecael to

@) = £ ¥ @ heg®) = S&E)
An Sseopenty  dovhaim
expsesSed OaL

eqyuaon @) can ‘ea
ng,a(_’s') F*(__{f) =1 —_’_{3_.)
whese Heo,F) ownd F¥(-§D ave Fouwlen
tsonsfore of  hey@) ond £ @) ‘Gaabeoﬁuefa.
Eapakon (2) indicatesr Moot on equalizey is
ackually on lovexse Setex o} ¥re Cnanned .

Q11. Explain pure ALOHA & Slotted ALOHA protocol. [AKTU: 2017-18, 2021-22]
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Q12: Write a short note on CSMA/CD protocol.
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Q.1 What is GSM? Write its services & features in brief.
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Q2. Explain GSM network architecture. Also give brief view of various Interface standard in
GSM.

[AKTU: 2016-17, 2021-22]
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Q3. Describe GSM Radio subsystem.
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Q4. Explain signal processing and GSM operation from speech input to speech output with
diagram. [AKTU: 2015-16, 2017-18]
ANS:
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Q5.Explain GSM frame structure.
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Q6. Write a short note on ‘General Packet Radio Service’ (GPRS)

ANS:
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Q7. Write short note on IMT-200 standard. [AKTU: 2014-15]
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Q8: Describe 1S-95 wireless standard in detail. [AKTU:2018-19]
ANS:
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Q9: Explain the network architecture of UMTS. [AKTU:2021-22]
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eruenty ond bondwid¥n Yo obite Network cpevatore

y UnTs sbeahen o Complete pelwosk System which
includer Yhe xodio occom metwod; ¥ne Cove welwork
ond au¥nenricahion ©f USR¥S Via S\M Cavds .

% Uolire EDGE ond CcOmMA2000; UMTS TeoUI ¥ eD

new bose Stohons ond New Fxequanvy allocarons.

¥ UMTS Suppoxts moximim ¥neowitcal doda Yganssey

xoYes of 42 mbhps, when guokued WsPA (nsphY)
\s implewmented 1n Yne weblwoxk- Vsess in de Ueldped

Nelfwos¥S  Con expecy o dora Yrvonsfer wole wh Ip
234 bS5 Jox R 22 hondsets acod 7.2 Mbps

Sox Wgn Sheed Downlink Packer Accem (W SPPH)
Nondsels in ¥ne downlink ConfechonN: These speeds

oxe Fostex Yoot 2.6 Keps of a single csm

a<uttr swhched data  chawvnel . The Wign dotu speed
o UMATS
x UINTS UsSen e Same cose mMmeYwork. Standaxd

as GSW/EDCE . Ty allows o sSiwwple ymigyodion

fov exishng GS™ operatoYs. Mowever; vhe wigsahon
vo¥n fo UMTS is shHeQ Costly - Much of Yhe cose
nisostsuetuxe 1S shoted WY GSM, ¥ne coct of

obfoining fiew sheckvum Ucenses and ovexlaying ymTe
o exishing Yowe¥s s Tigh-



x The osiginal Ssxeaquencty ‘oand defined by UMTS

Standand anR-—
\R35 — 2025 MA2Z Fovy LplnK FTsonsmission
( movite —Yo - base)
2\1o — 2200 MHZ Soyx downlnk Yyanswussion
( base - Yo- ™obite)

UMTS Nehwesy Avchrectuxe —

UE —7 vuse¥ Edquipment
ARNC — Rodio Netwoxyk Conyrsoliey
SGSN — Sesuing GPRS Suppoxt Node
G GSN —2 Govewoy GPRS Suppoxy Node
C G —> cnhosging goteway
B G — BovdeY Gedeway
MSC —= Mobife Switching centev
GMSC —> GoYeway MSC
PSTN — Public Switched Telephone Network
WLR — Wome Locahow Reqistev

E\& — Equipwent ddewhity Regystev
AVC — Autmenhicaton Centev



x A woboile netwoxke of Yhe UM TS Candbe dauvided inte
Prree whajo¥ pasts — Usey eaquipment; Yhe access
coxe Tnetwork.
gﬂﬁgejtwﬁijEﬂ* ineluden ﬂobILEEI SYohon and
S Caxd: The occess Merwoxk consists o towess
ro which ¥ne waobile Stohon cownects Tneose Yowexs
ose ¥hown af Neode & "‘me,:ase can e oene cN ThoTe
Nede Bs depending on ine size of ¥ne netwok.
% Anovnoy essexnned covaponent of Yne accesr Netrwork
s Yhe <odio metwork contsolley CRWNC). 2%
peoce ssen Yne daYo weceived fgom t\\ndq:‘il%
comnected Yo 1 Nede B and RN C composite shyucture
1S Kncwn an UMTS tegrestwrial wadio occess
vetworle COTRAND):

¥ The cose wehwovk consiste of o i€ Uy - swikched
¢ cs) dowmawn ond Packe¥ - switched (PS) domatm -

Tre Ciscit - SWitched dovoatm 1S wedponsible $ov
Volce cotfs, while ¥re YoackeY - suitched domatn

1s yoponsi™e fox Covyying the pocketr data .
The pocker suitched dowoem +aves cave of
Yrne intevyned sexuwican

UMmTs Applcohons
* Strveoming [ Download CVideo, Audio)
¥ Video- confesencing
¥ Fast Soyernetr/ dnrsane’
x Mobile E- Commexce (M-commesce)
¥ Remote Logyin
¥ Bocwogound Ccloss opplicorions |
+ muttimedio -essoaing | E- Wit
CCess
1 F;;Ei; £ty ex Yara ey ( Gamen )

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

ANS:



Wiveless Local Loop (wil) -

* Locok Lodb is o Gyour Une $rowm O Subscrxibeds bhone
to the Rlocal centrsal oifice

) but ¥ne imﬂernen"p"h’on of
Rocal Reop of wixes

\ \S m‘swf for ¥ne obervatoxs, esheciaty
W Yuval ond vewote gy eas w® due ty Qess Tuwmbey d
of usexs and incwased cost of instalighon. Henw, dn,

Solu¥on fox 1t is we VSO%R of wiveless docaqp foop L)
W Used wivelass s Yabher ¥han coppey wixes
connect  Sudbscxibexs ‘o e focal centyay office .
¥ e wiveless Local Loop (wil)  ovenitectuso weplaces
tsodifonal  cobpex @ire Wi wiveless lings |
Comtechng  Subscwibers o Loco? cendsal offva. S+
consists of seUe€HY Covlponents, incduding PSTN,
switcn fonchon; wANU ( wiselegs Access Netwogk Oty ,
and WASU ( wireless Access Subscwibev 0wt .

The wiveless Local Loah (wrLL) oxXchiYectuse weplaces
tsodihonal Cobbex ice wikn wiveless tinks
conmechng Subscsibevs b Local Cevwysal offve . 3+
consisis of seuexold Com\mnmﬂ-, including PSTN,
Switcs §onchon | WANU ( wiveRess Access Nekwogk ont),
ond WASL ( wiveless Access Subscwibey Owit) .



* Tre WANU Yoves (oxe of au¥nenhcohion ; opevohon
Souting ond dota Asapgmdssion,; whase as WASU

S instodfed ar ¥ne subscwibev Cocalion.

* Wikh 118 cost - efteckiveness ;| epnanced Secuariiy
Pascugh digrial  encyyphon ood vosiows Aootures
Lke intevneY occess | Uolce Sexuices, data tsonsfer
cg@gb].{,},hm ond $ox Sexuva@s, WLl ’P"GDU%"]-Q:'DQ
o dependovte soluon  For Yelecommone canon

- 1 h TD‘Q
sequisement's opeus catly

aEeas-

Locol Excran =7
offce = ol

LT WORNU T T

I Tsans e we‘fl j
\
Hwre AT \
: ngoliey HLR

\ 1

|
|
u
1

- m e =

e PSTN CPublic Scoitched Tedeprhone Werwork)

SeYvVes QS o CGxawt— switched mnefwork, wh

Re ‘
Lonchon Thoanagon gk

Comdiechions between wANUS,

*» Tre WANU Yokes Cove of qu¥nerhcotion ; opevehon,
souhing oand dota Asanswmission,; whase as wWASU

‘S instodfed ar ¥ne subscsibev  Location.

»* Wtn 118 CosY - eStechueness ;| ewxnanced Sectiy ity
Yascughn  dugvial  encxyphon ood vosicws Acotuwes
Lke imtevnet occess | Jolce Sexuvices, dota dsomsier
Capobiliver ond Fox Sexwiws, WLL PEOL o be
o dependodte soluhen Fod Aelecowmmone coon
ppeu s cally n cewore OF ~Yuvek

*cequjsem?--“*‘g
asens-



Advornoaed =

() o2t eleminoten Yne 1
comstyuchon of Mmeyrwosk Connechion.

W) Low Cosy due Yo Mo use of convenhonaf coppev
tieen. -

' Mmucy whose Secuwse due Yo digyral encrylpiion

+e oo auLn - :

Qv ) Wigniq scodoble an ¥ doer not  ¥egmixe the

instaidahon oF rooxe cwrxes  fox smﬂm% 74 .

Featuse of wil

'sst gmle oy Last wite

Gy d0texner comnnechion via modeva
@ ) Dato sSexwvcon

U Joi@ sesuvces

(V) Fax sevvice

wLL Componenmig-

0) PSTN — (Pudlic swikched Telephone ok wovie D)
¥ is A coftechon of woskd’s jntresconnected
@gwga:j*: Santched Yedophone Networie. )
‘¥c'\n FL\“C ; oo F )
Hon Switeh  Sunchion switchen Yhe PSTN
amonca Vo ¥yYown WANUg.

W7 whAWNy_ Cwiseless Access NeYwori ﬂ-
2t i pywvert alr Rocal eIchOﬁ%a—.cdjfce- AR Local
WRAsUs axe ctonnected Yo it . ®is Fonchon includes
aulhen colion | dpexoion owd wauntenanm, youhng ,
%fgnsc-i‘t\m‘n% Vence ond da¥o- 3t consists of ':fuucxcl'l":%

suhecoraponent

e Tsonscevex —> 2F Ysanswits / Receivesr data

wLL contsotten —7 Y copysole Yne wivedem
locaR Roop component A WASU -

o AM (Accen Manage) — S 4 seponsible Fov

L

auvne nin coviown -



e LR (Yome Locoon Register) —7 91 stoves the
detaits of all Qoca? wASUs.

W) wasy (wivelom Accem Swhoscsiben Ont) —7
of I proseny aX ¥ne Wouse of e subscwilett
o conmnects Yne Subscwibev 4o WANU.

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

Loog Tesm Evolution (LTE) —

i

* An Yeleowmunmicohons, Long -Yexm Evolurion (LTE)D
15 o sYondo¥d 3Jo¥ wiselesSS btrondbond Covmuncoton
fos obife dewced awmd doYa Yexwumds, wosed on
GSM/EDGE ovwd UMTS /WSPA standosds- OF impyoves
on ¥nose  stondand’s copodily and Sheed by wping A
difseseny vodio intesfact ond Cote nevtwosk
Tmpsovements - ’ :

% LTE is e upgrode payn Fo¥ co¥mess @i¥n Loty
GSM[UMTS nefwosks < DMA 2.000 nefuiotks: Becane
LTE fﬁquem@ ond bonds dusfexr Ssom™ counYrsy +o
countsy); oy multipond Pooner Ccaon uUse LTE
In oll cowntwien whese ¥ s Supposted -

¥ LTE ofSess Wigher peak data rsansfer wores ¥non
2@, Lh Yo Yoo Mbbs downsiseawn and Bo MOPS
vpstseom. 2% \;:-Gctﬁdﬂn veduwd Lokency)
scolobfe bondwid¥n Coboaty ond vockwasd
compotribilivty wivn Yne existing GsmtM and LMTS
Yechnology-
¥ A¥nelgn LTE 1S Cammo'ﬂq-‘j sefessed Yo os 4 G LTE,
vy WTE \g Yechnically sQowe¥ ¥non A G oud
StieR Fosrey Ynon normol 3 G. whitle LTE speeds
seoch Yoo MYPS) Axue 4 G oifexs shpeed whTo
lcoe meps- Vowevex duffexent vexsions ofF LTE
meey & @ speeds, sucw At LTE - Advancedd
CLTE-R).



* Ao LTE nevwos¥ ewploys me mulrinser vorant

of O¥Mogonal Freauwaty division voulnptexcing (o F ™M
wodulohon scheme ) calded ov¥oogonad  Fseopomcy
dihsion woulhple ciccess COFDMA) fof i3S downdink
sigoal - oFOMA enaelen ¥me LTE medwork o

Ysanseuy dato Fsom o ‘bvose Starion Yo wwuihple
usexs ok nighex doYa ¥wa¥es Yran 3 G WD
\repsoved shectsal efficienty - single caxsier FDMA
IS wred So6 Yhe Uplink signel, wiich weduw
Ysonsvir powey wecuived by wdbife Feymind .

* LTE offexs ¥ne Folowny §Sechuxen fov 1pexs —
() Andio ond Video stseaming — LTE ‘oo factey
downiond and Uptoad speeds Ynan 2.6 and 2 .
(1) Real-+ime conpechion +o Sexwnicp — WWN Voice
ovex LTE) Usexs con Yolk 4o oVnexs wibnowt
exhexiencing Loy oY Jitex-
(i) Even Sustey sheeds wi¥n LTE advaned —
Downfoad ond Uptoad spesrdn wivn LTE -Advanced
o¥e Awo Ao ¥oxee Mwes foskey Yeaa shawndand
LTE- AR LTE Advuanced 4eWLc) oxe ‘pock-wotd
compaible w@iVn stawndaxd LTE.

W) Caxsien m%qﬁ&{aa’h’on- Then LTE Acvencech
SecAv¥e jxepsOURd NeXwo¥ I cabouty, odding
vondwid¥ of vp Yo loo MHWZ ac¥oss fHve
Cowponeny cavsiexs (vonds) wiva 2O Mz each:

LTE - & hondseXs cowbing Fsequuncdd Fgom
wudnpe component ca¥rieYs 4p ivapsove  signel

shexd ond welioolly .

Q12. Write a short note on mobile satellite communication.

ANS:



Mobife Sareldile Commuw cahion -

, ™obwe Solellite Commumicayion psotides two-way
votce and dota Cowmwmuni tahons Yo lobol USe¥S who
Q¥e on ¥ne 9o o in ¥Yewote Locahon. Typically
brondess of Sokellite ~obde LomwOw ca¥ons use
Geostahonang O (GEO)) Mediuw Easth Oxbiy (MEQ)
Sotelives Yo weloy signals We Ssom & handsek
N Yexwinal owd vack down Yo caxvn frahon

whexe ¥ne signal invexfoen wivh pPublic felephone
Systew oy ¥Yoe Trdexnet-

¥ Tne ‘oosic waobile sorellile seswncen ane—
O Wasiiime whobike SoYellite Sexha
W) Lond m™obite SateliYe Sesw &
W) Aesonoutical tcbile Sotrellite Sexuica

WY Pexsonof mobile gatellile sesna
V) Brvoodcask mobile sofellile SexUvce

Woxihme T™ooile SoabelliYe Sexn@ —

T Sesnie comsiche of disfesest typen of eaxin
SYovens suchn o wobile easivn STarion, Swp easth
stahoe and comwmuncalRon eos¥a <Yalon-. —Tyun

Sexne g TNy used tn shipyoxds and niL1tasy
Shups.

Land ™obile saYelite sexwe -

e Lond mobile sotellite SexUice o o wobile

ea¥¥n stahon RocoYed own clffexent typen of
Asains aad oVren *ronshovtohon systems. Tun
se¥Uie coosists of O bevsonal Locahon “Fevrunad
Yot acts g¢ an eox¥n Shahen . T Sexunce Coun

be 'w}ed n ci.iSfe*fen-’q abblicohons suenw aw Miditag
aVpli cahions , re vt o and wuval envivoonmests.



Aesonantical Mobite Sotelite Servim — A wobite

e ———

Sofelte sextice in Which Qos¥n skatons ase focated
onboasd  cuscYasy, Suvuival aiscsa$t) divRanes

and helicdpiers 1s kmown an aevonautcal -mobile
sofellite Sexuviw:

Pessenol Tobile Satrellte Sexnd -~

Ty I Communicahon Sextie sonded by ¥ne Satellite
Sov supposhing vacbile ; Sixed and byoadbavnd
comsnUu Caon Systers.

Usoodcast wobile SoYellite Sesunct -

A bsoadcasy SatrelliYe Systewnn (s a one Way
CommOcaion system Ynat dsonswuts Signals
bY eo¥¥n Stohons, and ~etwonstits Yoe Signed
b4y Spowe stavon: 2F includes-

¥ Audio b¥oodcaning

* Video bysoadcashing

¥ Dota Ybwoad casying
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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:

Mobite 0d hoc Nerwosi (maneT) oY Wiveless
ad hoc NekworK. (WANET) —

* N ™obife Ad-hoc Netwosk. oX CANET) 18 W& wosT
dynosic and animoted Commoticanon nerwoxk of
today as ¥ uses wWovaske wiseless deuvice: R
Mobile Ad-hoc nerwos¥ s a wivedemn nerwodi=
wiyneout oy Infsasisuctuxe- A MANET has a4
Qeovp of woobile nodes ([ Sucn as LopYoes) swastphone?,

PDAs o% inds) connecked in an oudo - confhgused
ond  set§ heoling wisedess perwoxk ; withouX ony
Sixed Infsastsucyuxe -

x The wodes oOfoched Yo O TMANET Chnovge wopid€y
ond each of ¥nese nodes ock as 0 woutrer by
foxwosding pockers Yo o¥nery Modes o ¥ne MANET.

% A wixetess os Tobile Ad hoc mneYwosk (wANET ov

M ANE T) 1S O decenrsolized type oF wiveless neYrwoxl<:
~he netwosk 1S od-hoc because 1t does wot wely on
O pie-existing Wwisastsucruse, such as youteys oy
wiveless access points: M od-hoc nefwotk eoch Yvode
peshicpater in <ouhing by Foswordvog da¥n Fov othev

nodes. The delecmunohion of which vodes. favwaxd

doYo is wode dynomicatey oN e basis of network
conecrioity and Jﬁw_lfcuﬁ'in% afgoxitam in use.

¥ Eodn device \n WMANET ¥ fsee Yo woove independentiy
W ony dixeckion, ond wite nexefore chamge its
Lings Yo ofex devies Fyeouently: Eoch voust faxwaend
t+eatfic vovelated Yo 1ds own Vse; ond Pnevefove
be O vobtes.



¥ The primowy cholenge in buitdimg a MANET 1S
E"ﬂ"’-‘\"{iimb eacn dewice Yo convinnounty mavrawe  Yhe
infosmedion weaquiged do \mﬁpeﬂa woute Ysoffic: This
becomer hasdey on We scale of MANET incseasen due to-
Gy ‘e desive Yo soute Ypacketrs Yo/ Ynscveh every otney
2) T-‘:,:{l;;fmwy of ovesheod Ywo§iic veeded Yo wauntarn
~Yeal - Yjme °§ du-‘;iwa sYafu s .
@) Each Mede nan 1¥s own poodput Yo youke
indebendeat and WNawoe of otneY neednr- .
@) A mur shoxe Uwited ¢ orevenu U cot oN pandundin .
w Such nRYwow S xoay dpesate by Ynewseluenr oy 1NAY
ve comnecred Yo Ye CaxqgeY {wtexwney: Troy VY
comavn one ov wulhpte and diffexent xganscelveys
between podent Trn wesubks in A gty dy norni <,

avtoromowy “opoleay

Mooide Ad-hoc Nebwoxk

Example — Example of MANET g vehienlay Ad-'no
Werwonld (VANET) In which cotamuricaXon chef_rl.-n-_n._qc
axe }ns*‘a{{qd nside venicles 4o shove dofo,  of
Trafic  awony ¥ne covs: Ao wiseless sensoy
NRYwox kS oxe ono¥ney exompte ofFf MANET.



FeaYuten of mobite Ad-hoC WNeywoxks-

% MobiRe ad-Wnoc Nefwosks ose fovwmed dYynonu colly
BY 0N autonotmous system of mobife Nodes
Pnatr a%e Cconnected via wiseless {jnks.

¥ No existing fixed infsostxuctuse oy centsalized
odminstsahon ond me base stahon.

¥ WcoblRe WNoden axe Sxee Yo ™ove woandomiy.
¥ Netrwoxic *0\30‘(03‘1 changen Fseguentiy.

¥ Eadn vodes work os wouter:

x Disksibuted dpesorion awnd wmultinoP wouhing.
¥ Self yepalwing

% Auvto COr\E\'Cbu‘de

The dewices can join oy Leove the netrwork
any AHsne.

)

Al carions of mobiRe Ad-hoc wetrwocks —

Miti4o¥y - Yo woirtan o nefwork avdong oll ¥ae
Soldiers , venicfes and Meadguaytexs -

EmesQenty SRXNCE) - |
W) Seo<ch ond peScue opesavion in desesY ond

N wm.l.rn’frcl.lm- | “
(%) Re\Raowent o Sixed infsosTsuckuxe in  Cose

oF evwvivonmentol disostes -

) Decause ir is eany Yo cweate, 1+ ‘W can
be used 1M Fime of Cwisis to send emesgency
Signaln-



Medical ApplicaXion— gy can be wed Yo ~moviYov
potriext, supposhing doctess and nuYSes ia Wospitals
Enuivonmemal Appl cohons — o Can bvbe wmsed Fo

check weotheY condu¥ion, Soxest fi1xe) Fsunpawr et

Pevsonal Avea nerwoxk = 3% IS a shost wange )
Rocal Merwosk whese cach Todes axe usquQa welayed

wivn O lven wanae

Chokeoaen W W Mobite Ad-hoc Netwosk-< -
) DoYa Intevception — on an odeen metwox¥,; an
attocyex can easity 1n+e~(ce\:‘\
e dota ¥nak Yoo can send ond ¥eceive, \ncwol.emg
seasihive ipfoxmoion Uye cwyedit caxd xuwmbecs ond
aadn - i
‘Pt:‘;o ;\oqngt Dist=ipuon- AWackexs d;s*;‘\::f:{“—‘%

as a \Roxform SoF
red dewnc@n .

open  neywox¥s
~nalkwaxe ) infecking connec
(i) Unawvnosised Accem - w'm no SQCU.'C‘\\V bOXFiQ’(S/
oWac)ess Can accenn|¥ne
dercen Ynsousia Yhe nodwod ond  can voantpulote

Ado¥a owd Setrings-

Q2: Write a short note on ‘Bluetooth’ [AKTU 2021-22]
ANS:
IMH._.__TE’EEE* QlusYooth 1s o shost wonge wiveless Fechnofogy

Stondosd tnok \s used For exchangng dota between
Sixed ond wobile devicen oves shost dwrtances ond

buitding pexsonal axea etworks (PANS)

* O ¥ae most widely wred ~mode, +5 oSO SSion Yowev
s 25 wMlliwatys, gving 2t o Uexy shoxt Xange of
TP Yo 10 Werexs. Dt expRoys UWF wadio woven §som
2402 GWz Yo 4% Gz



¥ 2F 1 thaawly wned as an alreyrahive {o wive
Connechons; o exchange Hler pearween neaw\of bnﬂﬂ"h-tﬂ
dhemf-iﬁh and Connect cedf BPrones and wasie Wogexs
wivn  whsdam \\Em&b‘r\ﬁnﬂ-m
¥ Bluekootn s develdped by B luwe rootn Sb{dﬂﬂ Jevexeot
Aeoule  Blugtee¥n  was ivhsoduced \n \DIT -
v Dlusioo¥n Cowpanible nandwoses ard =

covRputeYs Sraaatphoned) Gaming

pessoned |
dded denw@n

consolen, Puddo denncen | Ewpe
Typicatty Lom ¥nan 1o ™ upto

X PhysSical RangZ —
\OOTH "'

clusoetn S0 1 4&"'4":'0 ™ .

+ flutooth Usen QA cadio “Yechnology callad fsed,uﬂﬂc?.
\oy¥ing  Spiced  Sectsom. Blustoody divide>
Ysoncwidred data \nto pockets ond Fsanstuts  each
pockelrs on  one of 79 designoted bluatooth chanae
Eadh charawe? has o bandwith of | M2 2t Usua
pesfocras 1606 hops pex seconch.  Rlustoo¥Yn
Low ewnesdy s 2 Mz  Spodng which accowymoda’
4o cnanneln



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

L — ¢
1 =y — , p
Onda¥d - Wi-F{ Stands Sow Witefess Fideljty

o | ond 2% in develobed BY TEEE (Insiivie
*E‘ted"ﬁ'\(:g{ .m\d Electsonics Engineetsd): They sot
Stavdoxds o8 e ;i -F; system:

Ea TR
N Wi -F qevamer sYandand han +wo parametess
3. Sheed

¥ Wi e
1= F7 W two bands af Jseopenuer. Thepe - aye

'1.-4 ¥z ond 5 Ghzr Wi-§; ~<outers Yhat Come
:;?d 1~g;§§1§ OX S GWz ose cotled Yne single
Bovn o, 4 c_;.ut "B a et of Mmew woutrexs suppocts
&u&_\oam 2 00d S GWe Seeopancy -"t:‘i\ﬁt}f axe Caddecd
BouYexs,
¥ e 24 vz Asonstats doYo o o slewexw sheed
o 5 GHz buk ove O Ronger Yange Yaan S Gia

Posome¥ey 14 GHz 5 GH=z
Sbﬁed COW’PQ“&'CJ'-HU eRy b
Low rhan
Range Wigh Comporsatively
Lowo

DisSexent  Stawndoxdn of Wi- F —

()TEEE 3011
* o was deoveldped n 227
¥ Shead i odow o mdops




(') ITEEE Ro2wl o -

* Tin Standaxd 1 develdped in \2 99

% DF wovvs on 5 oMz Lxequoncy

NS wwoximu® speed 1S4 wWbbs

¥ standand  wad wwode Yo avmd  {ntes fesenc
wivn othexX dewnw@» W Ude 9.4 Cuz band

X Usedl Yox  coramexciod and todevstnal  buxpese .
W) SEEE B302.1\ -

% TN SYomdand W oo develelped in 1999,

X e diffesence s ¥nak ir used q .4 GWz
Sveopeay sand-

¥ s wooamoum  shewd b |1 mpps-
*  VUseSuk Sov howe and dowestic use -

- NN e ) e o

W) TERE 2o2-11 g-

* NS sYandaxd 1S Aeveldped \n 2003,
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Q4: Explain WiMax Standard. [AKTU 2021-22]
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Q5. Write the difference between WiFi and WiMax.
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Q6. Write a short note on Li-Fi communication. [AKTU 2021-22]
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Q7. Write a short note on Ultra Wideband Communication.
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Q8. Write a short note on 4G mobile communication system.
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Q9. Write a short note on 5G mobile communication system. [AKTU 2021-22]
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Q10. Discuss the Next Generation Network (NGN) systems for mobile communication.

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