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INTRODUCTION OF WIRELESS
COMMUNICATION

m It is transfer of information over a distance without using
electrical conductor or wireless.

m [his may be one way communication as in
broadcasting system eg Radio, TV and two way
communication.

m [he term wireless defined communication in which EM
waves carry a signal over the entire communication
path.Wireless Communication can be via:

1) Radio frequency communication
2) Microwave communication




ADVANTAGES & DISADVANTAGES OF WIRELESS
COMMUNICATION

= ADVANTAGES:

0 ANYWHERE, ANYTIME WORK

Working professionals through wireless
communication can access the internet and mobile

anywhere, anytime without any problem of wires
and cables.

0 ENHANCED PRODUCTIVITY

Wired internet or dial up connectivity increases the
cost, whereas using wireless internet not only
reduces the cost but also it is possible to complete an
assignment or work at anytime.This ultimately
improves productivity.




0 REMOTE AREA CONNECTIVITY

Wireless communication makes possible for the doctors,
engineers and other professionals working in remote
areas to keep in touch with each other.

0 WORLDWIDE CONNECTIVITY

Wireless communication is the best technology to
connect billions of people worldwide.

0 MULTIPLE USAGE AND LOW INTERFERENCE

Cell handsets can continuously change frequencies as
per the requirements. Multiple usages and low
interference rates are achieved through the use of low
power transmitters.



DISADVANTAGES

0 Wireless signals can be easily hacked and hence it will hamper privacy. To
avoid this, security algorithms and modulations techniques are employed in
wireless networks.

0 The earlier wireless network were slower. Now a days wireless LANS with
advance standards such as |IEEE 802.11 AC and are available which provides
same performance as traditional Ethernet based LANS.

0 Wireless networks require careful radio frequency planning at the beginning of
the installation.



ELECTROMAGNETIC WAVES

EM waves are the waves which have both electric and magnetic field
vector mutually perpendicular to each other and also perpendicular to

the direction of propagation of waves.

Hectnio Field

Magnetic | Direction




ELECTROMAGNETIC SPECTRUM

The electromagnetic frequency spectrum is divided into subsections or bands (depending on their wavelengths )and each band is having a
different name and boundary. The portion used for wireless communication sits within that space and ranges from about 20 KHz to
300 GHz.

Band

Frequency Range

Wavelength Range

Applications

Extremely Low Fre-
quency (ELF)

<3 kHz

=100 km

Very Low Frequency
(VLF)

3 to 30 kHz

10 to 100 km

Low Frequency (LF)

30 to 300 kHz

1 mto 10 km

Medium Frequency
(MF)

300 kHz to 3 NVMHz

100 m to 1 km

High Frequency (HF)

3 to 30 MHz

10 to 100 m

Wawves in these frequencies
suit long range communica-
tions, making their way
with relative ease through
the lower atmosphere, un-
derground and various ob-
stacles, but they need
hefty-sized antennas, and
their popular use for ra-
dio/TV, wireless internet,
cell phones and more
means a lot of them want
to use the same part of the
spectrum, leading to spec-
trum scarcity for that por-
tion.

Very High Frequency
(VHF)

30 to 300 MIHz

1to 10 m

Ultra High Frequency
(UHF)

300 MiHz to 3 GHz

10cm to 1 m

Super High Frequency
(SHF)

3 to 30 GH=z

I1mto 1l cm

Extremely High Fre-
quency (EHF)

30 to 300 GHz=z

1 mm to 1lcm

Impediments such as vege-
tation and buildings do af-
fect higher freguency
wawves, but it's still possible
for them to carry signals in
most instances. Services in
the GHz range have arrived
as the insatiable demand
for radio communication
systems continues (see
footnote 3. Atmospheric at-
tenuation, which plays a
growing role once wawves
reach the 10 GHz fre-
quency, hampers electro-
magnetic wave propaga-
tion.
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PAGING /MESSAGING SYSTEM

Paging system is a one-way personal wireless alerting and messaging system .
Pagers were developed in the 1950s and 1960s and became widely used by the 1980s. In the 21st century, the widespread availability of
cellphones and smartphones has greatly diminished the pager industry.

A pager is a dedicated RF or radio frequency device that allow the pager user to receiver
messages broadcast on a specific frequency over a special network of radio base stations.

Pager 1s also sometime called page. It is simple personal telecommunication
device for the transmission of short messages.

A one way numeric pager can only receive a message consisting of a few digits,
typically a phone number dialed by the subscriber.

The alphanumeric pagers are have ability to send and receive email, numeric pages and
messages pages.

Pagers are used in the emergency or disaster times.
Two types of paging system:

A SIMPLE PAGING SYSTEM
A WIDE AREA PAGING SYSTEM



PAGING /MESSAGING SYSTEM

Paging systems are communication systems that send brief messgaes to subsciber. Message may be either a numeric, alpha
numeric or voice message.

A message is sent to a paging subscriber via the paging system access number with a telephone keypad or modem. The issued
message is called a page.

The paging system then transmits the page throughout the service area using base stations which broadcast the page on a radio
carrier.

Paging system vary widely in their complexity and coverage area while simple paging systems may cover a limited range of 2to 5
km or may even be confined to with in individual buildings, wide area paging systems can provide world wide coverage.

Though paging receivers are simple and inexpensive, the transmission system required is quite sophisticated.

Wide area paging systems consists of a network of telephone lines, many base station trasnmitters and large radio towers that
simultaneously broadcast a page from each base station.(this is called simulcasting)

Large trasnmitter power and low data rate are necessary for maximum coverage from each base station
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CORDLESS TELEPHONE SYSTEM

Cordless telephone systems are full duplex
communication systems that use radio to connect a
portable handset to a dedicated base station, which is
then connected to a dedicated telephone line with a
specific telephone number on the public switched
telephone network (PSTN).

A cordless phone first appeared around 1980 . The earliest cordless
phones operated at a frequency of 27MHz .

They had the following problems :
o LIMITED RANGE

o POOR SOUND QUALITY

o  POOR SECURITY

A cordless phone is a model of telephone which replaces the coiled wire
between the handset and base unit with wireless radio technology .

The land-line connection from the phone company is still fed into the base
unit

, but the powered handset transmits and receive radio signal in place of
traditional electronic pulses.
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Cellular telephone system

Cellular telephony provides communication between two devices .One or both may be mobile .

Cell phone is a low powered , lightweight radio transceiver (combination transmitter — receiver) that provides voice
telephone and other services to mobile users.

Unlike conventional wire based cordless phones, cellular telephone are completely portable and do not require proximity to
a jack to access the wire based networks operated by local telephone companies .

Public Switched
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S.NO

COMPARISON

PAGING SYSTEM

It is a simple
telecommunication device
for the transmission of
short message.

Pager system provides
high coverage range.

Infrastructure
required is high.

Hardware cost is
required low.

Frequency less than 1
GHZ.

CORDLESS TELEPHONE
SYSTEM

It uses fixed base station
so that they may be
plugged into the
telephone line with a
specific telephone number
on the PSTN.

Cordless telephone
system provide the user
Itd range.

Infrastructure
required is low.

Hardware cost is
low.

Frequency less than
1 GHZ.

CELLULAR TELEPHONE
SYSTEM

It uses a wireless
connection to the PSTN.

Cellular telephone system
provides high coverage
range of use.

Infrastructure
required is high.

Hardware cost is
moderate.

Frequency less than
2GHZ.



DIFFERENT GENERATIONS
OF CELLULAR TELEPHONE

SYSTEM
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INTRODUCTION(HISTORY OF WIRELESS )

4

4

In 1897, Guglielmo Marconi first demonstrated radio’s ability
to provide continuous contact.

The first radio telephone service was introduced in the US at
the end of the 1940s.

In the 1960s, a new system was launched by Bell system and
this system was called “Improved Mobile Telephone service”’.

The first analog cellular systems were based on IMTS and
these were developed in late 1960s and early 1970s. These
systems were named “Cellular”.



FIRST GENERATION (1G)

It is written as 1G. It is the digitization of the control link b/w
the mobile and cells.

The first generation cellular system in the world was introduced
by NTT (Nippon Telephone & Telegraph) in 1979 in Japan and
data rate is 0.3kbps & developed by NMT (Nardic Mobile
Telephone).

AMPS:- Advanced Mobile Telephone services in US in 1982 &
data rate is 10kbps.

ETACS:- European Total Access Communication System & data
rate in 8kbps



SECOND GENERATION (2G)

Second Generation cellular system were developed at the end
of the 1980. In this both control link & voice signal were
digitized.

This system provides better quality, higher capacity at lower
cost to consumer.

2G Digital Cellular systems are GSM (Global System For Mobile
Communication) based on TDMA (Time Division Multiple
Access) in Europe.

The Modulation Technique is used GMSK (Gaussian Minimum
Shift Keying).



_GSM to 3G (1/3)
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The Road to 3G

GSM —ﬁ*m-SCDMA
T GPRS=—» EDGE ——-;

TDMA W-CDMA

(1S-136) |

CDMAone =——p CDMAoOnNne =———=% CDMA2000
(IS-95A4) (IS-95B) (1XRTT|3XRTT)

2G 2.5G 3G



THIRD GENERATION (3G)

d 3G system provides fast communication services.

A It includes Voice, Fax & Internet any time & any where.

3 It includes Multimedia Entertainment & Location based
services.

1 3G wireless data network uses both circuit & packet switching

Main 3G Cellular System:-

CDMA 2000

TD-S CDMA

W-CDMA (WIDE BAND CDMA)

UMTS: Universal Mobile Telecommunication

EV-DO: Evolution Data Optimize

EV-DV: Evolution Data & Voice

00000



FOURTH GENERATION (4G)

1 Fourth Generation system are called 4G systems.

d 4G mobile device must be able to provide data speeds of up
to 100Mbps.

A Itis also called as WIMAX (World Wide Inter Operability For
Microwave Access).

4G offer any service at anytime & any where.



INTRODUCTION

® Cellular concept is a system level idea which calls for replacing

a single , high power transmitter with low power small
transmitters with each providing coverage to only a small
portion of service area

® Each base station is allocated a portion of total no of channels
available to entire system

® Nearby base station are assigned different groups of channels
so that all the available channels are assigned to a relatively
small no. of neighbouring base stations

® Nearby BS are assigned different groups of channel so that
interference bt. BS is minimized



NEED OF CELLULAR CONCEPT

® Early mobile radio system was to achieve a large coverage
areas by using high powered transmitter with an antenna
mounted on a tall tower

® In this case it is impossible to reuse those same frequencies
throughout the system

® Since any attempts to achieve frequency reuse would result in
interference



THE CELLULAR CONCEPT

footprint of a cell - actual radio
coverage

*seven groups of channel from
Ato G

omni-directional antenna v.s.
directional antenna




CELLULAR CONCEPT

segmentation of the area into cells ' ,
possible radio coverage of the cell

idealized shape of the cell

use of several carrier frequencies

* not the same frequency in adjoining cells

* cell sizes vary from some 100 m up to 35 km depending on user density,
geography, transceiver power etc.
* hexagonal shape of cells is idealized (cells overlap, shapes depend on
geography)
» if a mobile user changes cells
1 handover of the connection to the neighbor cell



HEXAGONAL GEOMETRY

® Hexagonal shapes are preferred than square or circle in cellular
architecture because it covers an entire area without overlapping. ... It
is because it requires fewer cells to represent a hexagon than triangle
or square. Other advantages of hexagonal cellular system: The
frequency reuse become possible using this shape.



CELLULAR CLUSTER

® A cluster is group of cells in which no
frequency is reused within a cluster.
Frequencies used in one cell cluster can be
reused in another cluster of cells. ... A cell is
basic geographical area covered by cellular
transmitters for communication in cellular
system.



FREQUENCY REUSE

» Each cellular base station is allocated a group of radio channels within
a small geographic area called a cell.

» Neighboring cells are assigned different channel groups.

* By limiting the coverage area to within the boundary of the cell, the
channel groups may be reused to cover different cells.

* Keep interference levels within tolerable limits.
» Frequency reuse or frequency planning

“The design process of selecting and allocating channel

groups for all of the cellular base station within a system 1is
FREQUENCY REUSE/PLANNING”




Consider a cellular system which has a total of S duplex channels.
Each cell is allocated a group of k channels,; _ g

The S channels are divided among N cells.

The total number of available radio channels

The N cells which use the complete set of channels is called cluster.

The cluster can be repeated M times within the system. The total
number of channels, C, is used as a measure of capacity

C=MKN=MS
The capacity is directly proportional to the number of replication M.
The cluster size, N, is typically equal to 4, 7, or 12.
Small N is desirable to maximize capacity.
The frequency reuse factor is given by

1/N



Hexagonal geometry has
— exactly six equidistance neighbors

— the lines joining the centers of any cell and each of its neighbors
are separated by multiples of 60 degrees.

Only certain cluster sizes and cell layout are possible.

The number of cells per cluster, N, can only have values which
satisfy

N=i*+ij+

Co-channel neighbors of a particular cell, ex, i=3 and j=2.



CLUSTER SIZES AND CELL LAYOUT
E

Eg for 1i=1,)=1 Eg for i=2,j=1

The factor N is called the cluster size and is given N=i2+ij+j2



CLUSTER SIZES AND CELL LAYOUT

i=1, j=2 , N=142+4=7



CELL REUSE
EXAMPLE (N=19)

To find the nearest co-channel neighbor

of a particular cell

. 1. Move ‘i’ cells along any chain of
hexagons

2. Then turn 60 degrees
counter-clockwise and

3.  Move ‘j’ cells.

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



Frequency Reuse Distance. \When the same channel is to

be reused in two cells, the two cells are called cochannel cells.
The distance D is the separation of the two cochannel cells.
The smaller the D, the greater the spectrum efficiency would

be.



CAPACITY EXPANSION IN CELLULAR SYSTEM

rechniques to provide more channels per coverage area is by

® Cell splitting
® Cell sectoring

® Coverage zone approches



CELL SPLITTING

® cell splitting increases the capacity of cellular system since it increases
the number of times the channel are reused

® Cell splitting - defining new cells which have smaller radius than orginal

cells by installing these smaller cells called MICROCELLS between
existing cells

® Capacity increases due to additional number of channels per unit area

“Cell splitting is process of subdividing a congested cell into
smaller cells each with its own base station(with
corresponding reduction in antenna height and tx power)”



CELL SPLITTING

Split congested cell into smaller cells.
— Preserve frequency reuse plan.

— Reduce transmission power. _

microcell




Transmission power reduction from P, to P,
Examining the receiving power at the new and old cell boundary

P [at old cell boundary] oc P,R™"
P.[at new cell boundary] < P, (R/2)™"

If we take n = 4 (path loss) and set the received power equal to each

other
_Py

t2_16

The transmit power must be reduced by 12 dB in order to fill in the
original coverage area.

Problem:
if only part of the cells are splited
— Different cell sizes will exist simultaneously

Handoff issues - high speed and low speed traffic can be
simultaneously accommodated



CELL SPLITTING

*Splitting cells in each CELL

— Antenna downtiliting

lllustration of cell splitting within a 3 km by 3 km square



Sectoring

» Decrease the co-channel interference and keep the cell radius R
unchanged

— Replacing single omni-directional antenna by several directional
antennas

— Radiating within a specified sect~-
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* Interference Reduction
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Strong “bleed
over”

-

Weaker signal

m The Mobile receiver is captured by the unintended, unknown transmitter,
instead of the desired base station



Near-Far Effect: Case 2

Weaker signal

Strong “bleed

over”

m The Base Station faces difficulty in recognizing the actual mobile user,
when the adjacent channel bleed over is too high.



Minimization of ACI

(1) Careful Filtering --—-- min. leakage or sharp transition
(2) Better Channel Assignment Strategy

m Channels in a cell need not be adjacent: For channels within a cell, Keep
frequency separation as large as possible.

m Sequentially assigning cells the successive frequency channels.

m Also, secondary level of interference can be reduced by not assigning
adjacent channels to neighboring cells.

m For tolerable ACI, we either need to increase the frequency separation or
reduce the passband BW.



| Improving Capacity in Cellular
Systems

m Cost of a cellular network is proportional to the number of Base Stations.
The income is proportional to the number of users.

m Ways to increase capacity:
New spectrum —expensive. PCS bands were sold for $20B.

_I Architectural approaches: cell splitting, cell sectoring, reuse partitioning, microcell
zones.

1 Dynamic allocation of channels according to load in the cell (non-uniform distribution of
channels).
Improve access technologies. 3.7 Improving Capacity in Cellular Systems

24



Cell Splitting

m Cell Splitting is the process of subdividing the congested cell into smaller
cells (microcells),Each with its own base station and a corresponding
reduction in antenna height and transmitter power.

m Cell Splitting increases the capacity since it increases the number of times
the channels are reused.

25



An Example

m The area covered by a circle with radius R is four times the area covered
by the circle with radius R/2

m The number of cells is increased four times

m The number of clusters the number of channels and the capacity in the
coverage area are increased

m Cell Splitting does not change the co-channel re-use ratio Q =D/R

26



Transmit Power

m  New cells are smaller, so the transmit power of the new cells must be
reduced

® How to determine the transmit power?

m The transmit power of the new cells can be found by examining the
received power at the new and old cell boundaries and setting them equal

m Pr(at the old cell boundary) is proportional to

Prl sk R—n

® Pr(at the new cen vuunuary;) is proportional to

P, * (R/2)™

27



Transmit Power

m  New cells are smaller, so the transmit power of the new cells must be
reduced

® How to determine the transmit power?

m The transmit power of the new cells can be found by examining the
received power at the new and old cell boundaries and setting them equal

m Pr(at the old cell boundary) is proportional to

Prl sk R—n

® Pr(at the new cen vuunuary;) is proportional to

P, * (R/2)™

27
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Transmit Power

® Take n=4, we get
Py, = P, /16
e We find that the transmit power must be
reduced by 16 times or 12 dB 1n order to

use the microcells to cover the original area.
While maintaining the same S/I.

28



TYPES OF CELL

MACRO CELL =The maximum coverage area cells are
known as macro cell. These cells have a radius between
1mills to 15 miills. Cell site having an radio frequency coverage
area of diameter greater than 2000feet is called Macro cell.

MICRO CELL = These celils are used in highly populated area
such as in large cities and big building. A cell site Having a

radio frequency coverage area of diameter greater than 400
feet but less than than 2000 feet.

PICO CELL = Pico cell are used in areas with high level of
interference . These are very small cells with cell sites

Having a radio frequency coverage area of diameter less than
400 feet.



Frequency reuse

It is defined as the process in which the same set of frequency
channel) can be allocated more than one cell provided .cell are
separated by sufficient distance, which is known as frequency
reuse.

A collection of cell that uses the entire bandwidth is called
cluster. The total number of
channel available in a cluster is given by

F =GN

F = Number of full duplex cellular channel available in a cluster
G =Number of channel in a cell

N =Number of cell in a cluster



Cellular Concepts

K=12+j+)

1= el paikius
Bros of exmgon = 261 i
d = distancs o oo

chanisal call

In this case K=19
(i=3, [=2)



IAGRAM OF FREQUENCY REUSE

CLUSTER-1

CLUSTER-2



CELL CAPACITY

The maximum number of subscriber in a system is called
cellular capacity. Cellular capacity can also be defined as a
product of number of a cluster in a given area and number of
full duplex channel available in a cluster.

We get the cellular capacity of the system

C=MGH ;F=GN

C=MF

When the cluster size Is reduced and cell sized held constant
than more clusters are required fo cover a given area
therefore the frequency reuse factor FRF is inversely
proportional to the number of cell in a cluster.

FRF proportional 1/N



Interference

Interference is defined as a form of external noise and as the name implies , it
means to
“disturb or detract from?”.
There are two types of interference
1. Co-channel interference
2. Adjacent-channel interference
1. Co-channel interference :- two cells using same set of frequencies are called
co- channel cells. The interference between co-channel cells is called as
co-channel cells interference.
To reduce the co-channel interference it is must that two co-channel cells must
be separated by a certain minimum distance.
Co-channel reuse ratio (Q):
Q = D/R
Where,
=Co channel reuse ratio.
D=distance to the center of the nearest co-channel cell
R=Cell radius



Co-channelinterference




L |nterference

Adjacent-channel interference :- adjacent channel interference occurs when
transmission from adjacent channel interfere with each other. It is due to imperfect filters in

the receivers . The imperfection in the filters allow the nearby frequencies to enter the
receiver .

Smaller frequency reuse factor:

Where,

N=total number of full duplex channels in an area are less.

C=total number of full duplex channels in a cell are more.



Adjacent channel interference
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Improving coverage and capacity in cellular system

There are three following techniques are used:
cell splitting

sectoring

coverage zone

CELL SPLITTING :- it is the process of subdividing a congested cell into smaller cells. Each smaller cell
has its own base station and an antenna of reduced height and power .cell splitting basically increase
the capacity of cellular system because it increase the number of times that channels which are reused



splitting




n the sectoring technique, cell radius is not changed
but D/R ratio is changed. Sectoring process increases
SIR(signal to interference ratio) so that the cluster
size may be reduced.

The technique of decreasing co-channel interference
and improving system

performance by using directional antenna is called
sectoring.




Coverage zone /[ repeater for range extension

It is must for that areas of less coverage such as building,
valleys or tunnels. To provide effective services in he
cellular communication, radio re transmitters, known as
repeaters are used. Repeaters are bidirectional in nature
and are capable to send and receive signals from a base
Station.

Repeater do not increase the cellular capacity, it only
serves to reradiate the base station
signal to the specific location.



FULL FORMS

< MS Mobile station

% BS Base station

% MSC Mobile switching Center

< PSTN Public switched telephone network
% VLR Visito location register

4 HLR Home location register
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GSM

Earlier GSM was known as Groupe speciale module. It was first
developed in Europe. Its name was changed and now it is known
as Global system for mobile communication. It is typically
second generation cellular system using digital modulation and
offering improved efficiency and voice quality replacing the first
generation system which was based on analog FM technology
design to carry only voice services. It operates basically in the
three freq. band.

1) 900 MHz (known as GSM 900)
2) 1.8 GHz (known as GSM 1800)
3) 1.9 GHz (known as GSM 1900)
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FULL FORMS

~ RSS:- Radio Subsystem

~ NSS:- Network & Switching Sub
~ OSS:- Operation Subsystem
|

o SlMs(g?ﬁiee id§ﬁ?‘fﬂ9‘i’nodule

- BSS:- Base Subsystem
BTS:- Base Subsystem
BSC:- Base station controller

- MSC:- Mobile switching center
HLR:- Home location center

VLR:- Vistor location register
- EIR :- Equipment identify register
AUC :- Authentication center
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RADIO SUBSYSTEM

B RSS:- It consist of the mobile station and the
base subsystem (BSS). The connection b/w Radio
subsystem (RSS) and Network switching subsystem
(NSS) is through A interface.




N

BASE SUBSYSTEM

] BSS:-It compose of two parts BTS and
BSC (Base station controller). A GSM n/w

comprises many BSS each controller by a
BSC.




N

BASE TRANSCEIVER SYSTEM

- BTS:- It comprises all radio equipment that
is antennas, signalling equipment specific to the
radio interface in order to contact the MS,
transmitter,receiver & amplifiers necessary for
radio transmission.




Base Station Controller

. BSC:- Several BTS with in a single BSS are
controlled by a signal BSC. The interface used
b/w several BTS & BSC is Abis .




N
MOBILE STATION

] MS:It is carried by the subscriber . It comprises of
all user equipment and software needed for comm.
within GSM  n/w. It consist of SIM (Subscriber
identity module.
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SUBSYSTEM

~ NSS:- It is the wireless n/w with standard public n/w,
perform handover b/w different BSS & support
charging ,accounting & roaming of user b/w different

providers in different countries.
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MOBILE SWITCHING CENTER

~ MSC:-  MSC’S are high performance
digital ISDN switches. They set up
connection to the other MSC’S and to the BSC’S

through the A interface and forms the fixed
backbone n/w of the GSM n/w.




J e —
FUNTIONS OF MSC

~ Call control :- This identifies the su subscriber, establish the
calls and clear the connection after the conversation is

over.

Charging:-  This convert the charging information
about a call that is the no. of a caller and the called
subscriber.

Signaling:- This applies to interfacing with the BSS and
the PSTN.

Subscriber data handling:-This is the permanent data
storage in the HLA & temporary storage of relevant data in
the VLR.



CDMA

_ CDMA stand for code division multiple access . 1n 1084 qual communication purpose totally digital mobile
telephone with the primary goal to increase the capacity.

_ This system was made available in the US and the based on CDMA technique.

" The US telecommunication industry association named it IS-95 that is (interim standard 95) that is basically
CDMA - one and is also known as TIA-EIA-95.

_ Inthis technique, user uses unique code to differentiate to one another and any number of user can transmit at
any time using the same frequency and time slot.



~ ARCHITECTURE OF CDMA
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ADVANTAGE OF CDMA

It increase capacity and performance
of the cellular system.




N

DISADVANTAGES OF CDMA

_There should be a proper
synchronization between the
transmitter and receiver unit.




PARAMETERS GSM

Modulation
Multiple Access Technique
Stands For

Bandwidth

Data Transmission Rate

FrameDuration

Power

Gaussian minimum shift keying
TDMA

Global System for Mobile
Communication

200kHz

270.873KB/s

4.615ms

Maximum mobile handset power is
1000 mw

CDMA

QPSK
CDMA
IS -95 or one CDMA

1.25 MHz
9.6KB/s or 14.4KB/s

20ms

Power is 600mw
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CLASSES OF BCLOETOOTH

SYMBOL OF BLUETOOTH



The term Wi-Fi suggests Wireless Fidelity, resembling the long
established audio-equipment classification term high fidelity






DIAGRAM OF Wi-Fi

Fiber-optic n etwork

Publicwirele ss LAN

Molrile Wi-Fi mini-router
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OPERATING IVIODES"OFW/rT=FI




BENEFITS OF WI-FI




USES OF WI-FI




FERENCE BETWEEN BLUETOOTH AND WIRELESS FIDELITY

BLUETOOTH

‘:‘ HOP freq. is 1600HOP/sec.

’:’ Data transfer rate is 1mb/sec.
oo It uses low transmission power.
’:’ Transmission range is 10m.

o
<

It uses quassion freq. shift keying
modulation schemes,

K/ R/ K/
RS XA X 4

X/
%

K/
%0

Wi-Fi

HOP freq. is 2.5HOP/sec.
Data transfer rate is 1101kb/sec.

It uses more transmission

power than bluetooth.

Transmission range is 15- 50m indoor
and 3o0om outdoor.

It uses complimentary code

keying modulation scheme.



GENERAL PACKET RADTOESERNAEE
(GPRS)

& It is useful in those cases where the users download much
more data then it uploads on the internet to get back of e- mail,
faxes are some of such cases.



DIAGRAM OF GPRS




G LOBAL POSTHENING
SYSTEM (GPS)

3. User



S e

DIAGRAM OF GPS




ADVANTAGES OF GPS




DISADVANTAGES OF GPS
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5.3 UMTS

=

a

|

The word UMTS means “Universal Mobile Telecommunicstion Svystem™. This

sysiem was introduced in late 1996 ‘under Huropean Telecommiumication Standards-
Institure (ETSI). UMITS is also known as 3G W-CDMA .

Several Compseting wideband CDMA {W—-Ivm“j have merged into a single W-
CDMA standard and the resulting W-CDMA is called UMTS.

UMTS was submitted by ETSI to ITU's: IMT-2000 boﬂy in [99&.&;&' consideration as
word standard. At that time, UMTS was@alimlasIMSTgrmh'thhﬁmm
(UTRAY.

UTRA has the following feamres- =

(f) Mode of Oparﬂi.an
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FPAE e =

120 140} s fraome structuns, with lﬁ'ﬂ'ﬂp

" rehi rales,
- It supports 4 common-sel of chip ré

e frare.
I gist in downlink Beam Foroming.

ed for “Calvworys-on"' packet
r : AN and it 18 desi g L Bageq
. e :;:—::.:-: computers, entertal nireent devices and te‘i:' ot
e ‘TFhis also helps to get connected with Il:lburuq_

© Dedicated pilot bits ase

wireless service, This featurs
to shore the same wircless network.

anytime, anywhere. J i ; ey

2 » ) 2 Mbps rouser {if the ;-
= 3G W-CDMA suppons packet data rates up to 2048 P_ ]3-13. & l]sg;__: H
: lity data, multimedia; streaming audig i

stationary). This ultimately helps high qualit : Enhanced version of
streaming video and broadeasi-type service LG COHBLEREES. FHohi
CDMA supports data mte in excess of 8 Mbps. ; =L

O 3G W-CDMA (UMTS) provides public and private networks features. It also provides
viden confereneing and virtual fome entertainmernt (VHE). . - .

LF  LUMTS reguires minimum spectrum allocation of SMHe and ithis is an important
distmction from the other Gestandards.

With 3G W-CDMA (UMTS) it is possible to achieve data rates as low as 8 kbps and as
high as 2 Mbps. 3G W-CDMA (LIMTS) uses variable/Selectable direct ﬁequsnm:'spmﬂ
spectrum chip rates and that can exceed 16-Megachips per second per user.

B It has been find out that UMTS will provide at least a six times inerease in g ]
efficiency over GSM, when it is compared on a systern wide basis. 3G W- AA
(UMTS) requires expensive new base station equipment and this will slow down:
mstallation of UMTS throughout the world. —

O 3G W-OUDMA (LIMTS) will require dual mode or wri-mode cell phon
autormatically switch between the 26 TDM N T e oy U &

0 Itis likely that 3G W-CDMA will be .
compatibility with GSM/GPRS, [5-1 36, PDC and EDGE.

5.4 HIGH SPEED PAKCET ACCESS (HSPA)

HSPA network consists of.
fRNCJ ﬂﬂffm-a 14‘44"?.; ; :
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Specuum flexibility is one of the key features of LTE, LTE defines bandwidihs of 1.4 MHz,

5 MHz, 10 Mz, 15 MHz and 20 Mz [t operates in both FDIX and TDD. I allows optlinmal Uge
of radio specirum wsing DSA ( Dynamic Spectrum assigament) technigquee,

The use of multiple antennas gives additional protection to redio channcl fading and abiljgy,
to shape the radiation pattérns in transmission and recdéption. It alsa help in obtaining very higl,
daza rates when channels are in parallel. This is called Multiple input — Multiple Outpur (M"“D}

technigue.,
LTE allows caordination between different hase stations to identify the location of user of in

the cell. The inter<cellular interference is redoced by using different frequency reuse scheme,
The power eontrol in uplink improves sestem capacity and reduces power consumpticn.

5.5.2 Architecture of TLE
A standard LTE svstem architecture consists of an involved and swstemn architecture

evolution UMTS terrestrial radio access network. It is comprised of folloswing—
O uwser cguipments

O evolved node B base station

O evolved universal 1emestrial radio
The radio access netwaork is alen known as E-UTRAM. Fig. 5.1 shows LTE architecture,

SN i Sa —— Siznalg
P S AIAgES | = Traffie
IS HOME PLMN
E-UTianN j 511
P-GIW s Servers
PN
S8 J
Home raated @ e ffic
S
Wasated PEATN
Lzl buresakoon

Fig. 5.1: LTE architectire
The s¥stem are architecture evolution (SAE) is made up of EPC or evolved packet core. 1

COnsists of follows—
The mobility management Entity (MME)

\\_
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Inroduction to 3G and 4G

(| The serving gateway (SGW) and packet data network pateway (PGW)
s | The home subscriber server (HSS)
cl The evolved packet data gateway (cPDG)

0 The access nelwork discovery and selection function (ANDSE)

123

EPC is the core nztwc_arlc of LTE. s components provide authentication, quality of service,
m.abililf managcr-_nﬂﬂt- oA i upload and download of IP packets, 1P address allocation etc. It
Tt & flat 1P architecture which allows handling of preat amount af daa traffic more efficientis
aJ!d jn lesscr cost. )

The mobility management entity (MME) handles the exchange of signals between uwser

. ments (UES) and EPC. It is done through MAS (Mon access stratum) protocol hence also
equiP signalling. Functions of MME are Authentication, location update, mability
nagement, handover support and bearer establishment. MME also allocates gateway router to

more of them are available. MME supports lawful interception of signalling,
e serving gateway acts like an anchor between neighbouring ¢ node Bs routes. It routes all
ackets of users and handles mobility between LTE and other CS nevworks. It performs
data ;;t'lﬂn of the user traffic in case of lawful interception.
f#?"c_l_he packct data network gateway ensures the connectivity of wser equipments 1o external
¢ data networks. A user equipment can be connected to more than one P-GW (Packet Data
cke Gateway) while accessing multiple PDNs. It handles user by user packet filtering, policy
cement charging support packet screening and lawful intermuption.
enfo he home subscriber server (HSS) is a central database. It comains user related and
subsﬂil’"in" refated indformation. Tt performs mebility management, user authentication, aceess

porization and provides session establishment support.,
autho

e Node B is a part of E-UTRAN radio access network. Tt allows UEs 1o connect to LTE

P communicates with UE, with EPC through various interfaces and with other & Node
ne The main functions of ¢ Mode B are radio bearer control,
Bs-

admission control, dynamic resource
e ion, mobility management, MME sglectibn. enabling UE 1o be served, routing of user planc
al o rowwards S-GW, packet compression and ciphering, method scheduling and transmission
af] esmblishmc'“ of route towards an MME,
an - UTRA ig l!,,? ai,-ri:;l{:rramf of‘z:; ;_.TE network, It enables a latency decrease, allows high
s dth capabilities and is optimi or packet data. [t uses OFDMA in o i P
ban::::k b apatil i own link, Se FDMA

js u
B B UTRAN

is the architecture of the evolved UMTS terrestrial radio access network. See fig
5.2
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F_EPRBM 1C, Mt
work J/ Function:

Flash 1C.

Faults: If Flash IC is faulty then the
even get dead. 0 ¥
Power IC: It
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5 Chyoe all the Sormy l Aty
Z obile phorme, 1§ i
srnartplvone | Facin or skeleton of the mobile p Eix )

s anternal Fi
L Moy oy iy the ar

padern Android Smartphone and iPHone ne.

e, ) E _h_ﬂ‘!'
s :;1- r usSing Conmestors. These PCs ane

cr (&) L= Emt..

Metwork Section, Power Seclion and Aty

mobile phone PO witl
MR conneoted o ench

Sectipns of MMobike Phone
Unscrew and open all the SCrows.

v and camera and pull the display and th"'cﬂ-!'n_e_m T

Remove connectors tor displa

g & ffrort corer b % .

WNETE N Fenc s,  prfrenres Facrine® Lerey | pRGFEY e Trieclors f Tl ek - Bﬂ - :

J e L £y S R e L= ] s i - e .
i ¥ VLR i i

Ve sasifv. Sel Be e coarefin witert oprenitng aercd disazsse Alirgr fire Teipey

6.3 MOBILE PHONE SECTIONS AND PARTS IN EVERY SECTION

hMaobile Phone Sections - A Mobile Phone PR is divided into 3 Main SECtIE_:Ins e
(1) Newwork Section
{2) Power Section

(3} Auvdic Section {in Andvoid Smeargrhorne it ilPhrouze).

Thtis: &5 applicable so ol Mobils Fhones and Smariphones of 40 Bremds:
Samsung, Nokia, I, Mortorola, Somy Fricrsorn Acer, dicarel, Appie; Ao, Asus,
Siemens. Bird Blackbery, B, Celthon, Dell, Gigabyre, Heaier, BT Huam—f;
Farnasaric, Fhailips, Sagem, Spice, Toshiba, ZTE Ere,

Antenng poine
PP A, : _P v

Mo
Section
RTC
Fower Charging 1o
Beetian L
MIC Interfacn
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L - ' tion is directly connested with the cpyy
. N o fce section 15 - e Lok
- SIM Card Section: The h.J_M = I::,i.:::t:;l—::ly in o mabile phone qlhm’l the 3IM Section in
e B 1¢r, Namly NS (3:6FD. blM_RS.,T i Sl
H ni Section. These four pins (Bevids gy,

S Nt & + in the ST
B, St bw (3sod S madr:nlcll- 4 eanirol seclicm and V-SIM vall are E.i\-rﬂn_-ta

18 Kila Ohms Resistance, /
o S0 Card is connected in most mobile :

1 socket. Memory card sectiny

i okt mobile cell pliones., 17w
: ey
conmected with the CPU through the Powe

MDY are direetly connected with the SIM inte
the SIM data pin from V-SIM pin through the 10-
4. Memory Card Section: MNow mostly i ;
phones which ik connectad withamicn card-section throuzh o 8 P"’f
is made inside the CPLL Descriptipns of these § pins-arg as Folborw's:
ik MMC-Data-2
2 MNMWC TData

MAMNIC CND ( Corrrrricerc)

-"'-u

4. WMMC [ WED (Positive Supp v i)
5 MMCAOLK

=] CFMNID

T MM C-D el

B MMMC Diata-1

Card and connecticn the 50 tp 100 Kile Ohmis resistance in this power supply. This power supp
1= given o Pin Numbers — 1, 2, 3, 7. 8 of MMC Socket. One MMC detector switeh or pin is maﬂis-
in MMC socket at which, if there iz no MMC Card then 1.2 3% power is continuously received and
after the MMC is conneeted, it becomes mero. et — 4 e -

5. MIC Intorface Section: MIC i_ﬂ_h:[face sEction _{5 ﬂll'et‘.tl}" cﬂﬂﬂe’ﬁtﬂd W'I_ﬂ:l Iﬁz&'ﬂPﬁ-ﬁu

most mobile phones. Working voltage (MIC Bins) (1.8 fo 2.8 V) is supplied from the CPU or the
Power Supply Section for functioning of the MIC and MIC Positive and Mesative \vole oo o
through two SMD. Capacitors. & a b ?Bkmi@?h)
6. Ear Speaker Section: In most mo He Pl : —
ear speaker, it is directly related to the crudm?:;:wl Wy
or from the audio section inbail Wﬂhm-l-l'-]ﬁ CPLU Iu e 'B-'Elndwa :
reosived via SMD . Coil/ SMID Resistance - Some g oL
section. Some mobile phones have au i :
7.  Speaker ( Ringer Se '
connected with the audio amplifier
or audio signal received frigm the

2.8 Volt Power is supplied to Pin Number <4 from Power "S‘_upp]:,-_f for Fﬁmﬁl:rn.ing of the NMMC
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T

8. Koy Backlight Section: LED Iaig_hl_‘l are connected accordi
ke packlight section. Anode ends of all the LEDRs are COmmEe]
e ends are connected 1o each other.

134
RE o the parsilel circuir in
: =4 19 each other xnd aly
_ xa ; 3 1o 3.3 ¥ is supplied for the ﬁ.:nct"la:uina u;m:m
g LED Lighis: This power supply is given to the cathode ends. of LEDs froum 1h =
arytis. POWEL supply to the anode ends of LED Lights is contralied bu using TR

LED-Driver or PNR.

..-_,“II'\-“i‘:

I

g, LOD Backlight Section: LOD Backlight in mobile cell phones is made dccording 1o

e series olreuit. A Boost WVoltage Generator Section is built for the supply of high violtage (£ o
12§y for the functioning of the LCD LED. Boost coil. Boost Yolt Driver 1€, Rectifier Diode-cic
are present in this section.

10. Vibrator Motor Section: Positive power supply is given to this section directly from

the positive end of the battery. Negative power supply is given through a NPN transistor or from
the ground of any circuit.

11. Network Section: Antenna. External Antenna Socket. RX-Band Pase Filter, RF
Crystal,. FEM. PFO, TX-Band Pass Filter, RF 1C, ©PU are connected in the Network Section.
signal received at the antenna during the RX is given to the antenna switch or FEM through the
amtenna socket where the next processing is completed by selecting a frequency of proper band
and is passed on to the RF 1C through RX-Band Pass Filter. RF Signal out from the RF IC during.
TX is piven to the FEM or PFO to amplify the signal. After the Band Selection Pracess the signal
is passed through the antenna. a : '

i2. Batterv Charging Section: Charger and system interfa
most modern mobile cell phones. Regulator section is made

section. In some mobile phones, the battery charging scction is - mmds
13. FM Radio Section: FM Radio Driver 1C, FM Antenna, Signal and
are made in the FM Radip Section.

e
14. Bluetooth Section: Bluetooth Antenna,
IC, Supply and Signal Components & | th
the Metwork Section. RE-CLK signal is g
% components are present th
fomnecting the battery (3.7V)
wower Key. Supply is given t

by which the mobile
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6.4 BIG PARTS OF A MOBILE CELL PHONE AN

1.

-~

e

S AN WY/ Sser o s n s T )

D THEIR FUNCTION

Metwork Section of a mobile phone a-m:l. is Iﬂﬂde uF

X = iz found an' the
Antenns Switch: I is fou e A AT e

of mietal and nun-mmetal, In GSh sets
found in golden metal. .
Work / l‘::l.l“t"tiﬂﬂ' I searches network and passes forward after tuning.
Faults: If the Antenna Switch is faulty theno: there will be no network in the mobijls

o = =
l:’h;lg It is found near the Antenna Switch in the Network ‘Sectien of the BCH of
Mobile Phone. Tt is alse calléd P.A (Power Amplifier) and Band Pass Kilter.
Work f Function: It filters and amplifies nétwork frecquency and selects the home
nebwork.
Faults: I the PFO is faulty then there will be no network in the mobile phone, Ifit gets
short then the mobile phone will get dead. =3
RF IC |/ Hagar { Network IC: This electronic component found near the PFO in the
MNetwork Section of a Mobile Phone. It is also calied RF signal processor.

Work / Function: [t works as transmitter and receiver of audio and tadiawaf&;
according to the mstruction from the CPLI =
Faults: If the RF 1€ is faulty then there will be problem with netwoerk in the m{mxﬁ
phone. Sometime s the mobile phone can even zet dead.

26 MHz Crystal Oscillator: It is found near the PFO in the Network Sect]qnoﬁfi
Mobile Phone. It is also called Metwork Crystal, 1t is made up of metal. :'
Work / Function: It creales frequency during outgoing calls. o
Faults: If" this crystal is faulty then there will be no autgeing call and no- netwmﬂr: inthe
marhile phone.
WCO: It is found near the Welwork IC in the Metwork Section G aMob
S Fentin e e, e vl L0 R 1 ger st CFUL
2 command from the CPL, .
Faults: j‘f it is faulty then there will be no network in
display C.:H Eﬂr-‘l' i “'"Enﬂ Faﬂe&f
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o . ile phone. It has PInS or legy ¢
15, Logic 1C 1 UT K It s found in any Section of o mobile p b 8

is also called UT 1C and Interfnes e, o LED ofa rackile ]']hﬁ-t“z,

; ihrator ¢ .
Waork ¢ Function: It conirols Ringer, WVibra ¢ s LR GE bile Dhoie

E . Vibrato
Faults: 1 Logic I /U0 1C is faulty then Ringe

will ot woork properly, ) ones. s alve callE CoRR
L6.. Amdio IC: 1L is found in Power Section of 8 mobile ph ic
e sphiGne af a mobile phome

= d iic
Work [ Function! It controls Speaker an ; 1 o _
Faults: I Audio IC is faully then Speaker and Microphone of a mobile phone will ng,
5 = # s . k
work and the selcan even get deacd,

6.5 TESTING OF VARIOUS MOBILE PARTS
¥ou will need following mobile phone reépairing tools:

i Multomeater
24 D Power - Supply

Ringer of a Maobile Phone: To check if the ringer of a mebile phone is faulty or damaged,
keep the multimeter in buzzer mode and check the ringer. Value must be between -B'to-lﬂ_'ohn%.__
If the wvalue is berween this range then the ringer is good and does not need replacement. If the
valus on multimeter is 4-5 or 12-14 then change the ringer.

Vibrator or Motor of a Mobile Phone: To check vibrator or motor ofa mobile phone,
the muliimeter in Buszer Mode and check the vibrator- Walue must be & 1y Iéﬂhms. If the
is between 816 Ohms then the vibrator is good. Otherwise change it,

Speaker or Earpiece of a Mobile Phone: Check the speaker | earpiece with a :
on Buzzer mode. Value must be in 1:!_11: range of 25 to 35 Ohms. If the value is in this ang = Hice
the speaker / earpisce is OK and need not be changed. Otherwise. change the speaker / earpicce.

_ Microphone or Mic of a Mobile Phone: Keep the multimeter in buzzer mode i
ru.fr;rbphaue. Malue reading on the multimeter must be in the range of 600 to f £l
will'also be a Beep é"B'ifz'ﬁ?l!ﬂﬁ.'f!'ﬁmthe-mu]ﬁmﬂ; iR Lo 00 to 1800

Keypad of a Mobile Phone: Ketp the multimeter on I,
Columns or the Key Pad. If there is B@Jmmﬁiﬁ;ﬁ i Bu.z:aeu_-;
otherwise it is faulty. LE
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Metwork 107 E.Tﬁ--ﬂmlwm
Suppty and eoall ary
g This ihﬂm Mlﬁ!
Power 1€ ant CPUE Adjugt voltoge
Test Load of thi 120 Pt -Supply 6. the
‘e Blnck Proba: . Test Lead to =71

1. IfDC Awpere is over 6 then
1_.Cruid tl:n_:{‘PU i by ones

Power 1€ or P

iz
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j F7 1
12,
13.
14.
JBuy
16.
17,
18.

(Al Values in Volf)

Micro SD Card Connector Pin: 2.

Battery Conmector Tip () Bl
Drisplay Connector Supply Pins:
Display Connector Signal Pins During
Camera Connector Supply Pins: 1.5 10 20

Camera Connector Signal Pins During quking: 0 to 1.8
Key Tip (Row and Column) One Side: 1.8t 2.8

Charger Connector Tip: St0 6

vibrator Motor Connector Tip During Working: 1.9 to 3.6
Power ON { OFF Switch Point (+): 3 to 3.6

MIC Connector Tip (Analog MIC) (F.-): 1 810 3.0

Battery Charging Out Point (+,-): 3.7 to 4.2
SIM Card Connector Pin 1 (VSim) When S
SIM Card Connector Pin 2,3,6 During i

1.8 to 2.5
working: .0 t© 18

Micro Card Connector Pin 1,2
Data RX and TX Pins:
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