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Mobile Communication

A mobile phone (cell phone) network is a cellular network, where a
mobile phone receives or makes calls through a cell site (base station)
or a transmitting tower. Radio waves are used to transfer signals to
and from the cell phone.

A cellular network divides an area into small cells, which may vary in
radius from 1 to 30km. The boundaries of the cells can also overlap
between adjacent cells and large cells can be divided into smaller
cells. This allows extensive frequency reuse across that area, so that
many people can use cell phones simultaneously. Cellular network has
a number of advantages, like increased capacity, reduced power

usage, larger coverage area, reduced interference from other signals
etc.

http://www.odec.ca/projects/2007/hopp7m2/Cellular_Phones.html



Mobile Communication
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http://www.odec.ca/projects/2007/hopp7m2/Cellular_Phones.html

How Mobile Phone Works (3 min)
https://www.youtube.com/watch?v=JepEtbbOyOU

Different cells can use the same set
of frequencies at the same time.
They don't interfere with each other
because the transmitters dont reach



Mobile Communication

Access Schemes:

For radio systems there are two resources, frequency and time. Division by
frequency, so that each pair of communicators is allocated part of the
spectrum for all of the time, results in Frequency Division Multiple Access
(FDMA). Division by time, so that each pair of communicators is allocated all
(or at least a large part) of the spectrum for part of the time results in Time
Division Multiple Access (TDMA). In Code Division Multiple Access (CDMA),
every communicator will be allocated the entire spectrum all of the time.
CDMA uses codes to identify connections.

frequency frequency

frequency

— : time
FDMA ime " IDMA RIS CDMA

http://www.umtsworld.com/technology/cdmabasics.htm



Mobile Communication

Mobile phone

A mobile phone is an electronic device used for mobile telecommunications
over a cellular network of specialized base stations known as cell sites. A
cell phone offers full Duplex Communication and transfer the link when the
user moves from one cell to another. As the phone user moves from one
cell area to another, the system automatically commands the mobile phone
and a cell site with a stronger signal, to switch on to a new frequency in
order to keep the link.

SIM card (Subscriber Identification Module)

When the mobile phone is used for the first time, it sends a number called
International Mobile Subscriber Identity — IMSI present in the SIM card to
the network, which looks it up in a database to ensure the card is
registered. If the IMSI is recognized, the network creates another number
called a Temporary Mobile Subscriber Identity (TMSI), which is encrypted
and sent back to the phone. In all subsequent calls, the phone identifies
itself by broadcasting the TMSI.

http://www.electroschematics.com/5231/mobile-phone-how-it-works/

Know about SIM card | SIM used in Mobile phone (3.5 min)
https://www.youtube.com/watch?v=Xm13AtTysrY
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Mobile Communication

How Do Cell Phones Work?
https://www.youtube.com/watch?v=RhOKTHDHtho

What happens when we make a call?

1.

When we switch on the mobile phone, it tries for an SID (System Identification Code) on the control
channel. The control channel is a special frequency that the phone and the base station use to talk to
one another. If the mobile phone finds difficulty to get link with the control channel, it displays a “no
service” message.

If the mobile phone gets the SID, it compares the SID with the SID programmed in the phone. If both
SID match, the phone identifies that the cell it is communicating is the part of its home system.

The phone also transmits a registration request along with the SID and the MTSO keeps track of your
phone’s location in a database. MTSO knows in which cell you are when it wants to ring the phone.
The MTSO then gets the signal, it tries to find the phone. The MTSO looks in its database to find the
cell in which the phone is present. The MTSO then picks a frequency pair to take the call.

The MTSO communicates with the mobile phone over the control channel to tell it what frequencies to
use. Once the mobile phone and the tower switch on those frequencies, the call is connected.

When the mobile phone move toward the edge of the cell, the cell’s base station will note that the
signal strength is diminishing. At the same time, the base station in the cell in which the phone is
moving will be able to see the phone’s signal strength increasing.

The two base stations coordinate themselves through the MTSO. At some point, the mobile phone
gets a signal on a control channel and directs it to change frequencies. This will switch the phone to
the new cell.

http://www.electroschematics.com/5231/mobile-phone-how-it-works/



The world’s first mobile phone call

was made by Martin Cooj

senior engineer at Momrola, when

he called a rival telecommunications

company and informed them he was

king via a mobile phone. The

ne Cooper used, if you could call

(t that, welghed a staggering 1.1kg
and measured in at

2284 6x127x44 4mm

Motorola released its first
commercial mobile phone,
known as the Motorola DynaTAC
8000X. The handset offered 30
minutes of talk-time, six hours
standby, and could store 30
phone numbers. It also cost
£2639.

On 1st January 1985 Emie

Wise made the first cellular call
in the UK on the Vodafone
system operated by Racal.

1992 - On 3rd December 1992

Nokia 6110 had Features like
Memory, Snake Loglc)

alcmq with Calculator,

calendar, Currency convertet it

also worked as a Pager and had

Profile settings

irst photo to be publicly-

.srhmr:d sl ell phone

ared using a ct was
taken on June 11, 1997 by
Philippe Kahn

The BlackBerry 850 was the first
handset released by Research In
Motion (R.L.M) under the
BlackBerry brand.

Duri ng(heim%sandurly
L
the world" e

The Nokia 3310 was the phone that
all of your mates had at school - if
you went to school in the mid-to-late-
90's, that is. Even in 2013, many
rega(d the 3310 as one of the best
mobile devices ever created Some
even say it’s indestructibl

The first pre-commercial trial
network with 3G was launched
by NTT DoCoMo in Japan in the
Tokyo region in May 2001.

Global mobile cellular
subscriptions in 2001
reached the 1 Billion mark.

Siemens SL45, reteased in
2001, was the world's

mobile phone with expandabl
memory.

Evolution of Mobile Phone

BlackBerry 5810 had email and a
QWERTY"leyboard, but it didn't
have a built in speaker so you
had to plug headphones in to
make phone calls. Even so it was
widely popular.

Motorola shifted over 130 million
of its *fashion’ phone between the
years 2004 and 2006, mal

king
the best-selling clamshell handse(
in history.

The BlackBerry Pearl was the first
BlackBerry device with a camera
and media player. It was released
on September 12, 2006

Global mobile cellular
subscriptions in 2006

approached 3 Billion.

Before Samsung dominated the
martphone market it made handsets

I|ke the SGH-T100, which was the first

phone ever to use a thin-

transistor active matrix LC‘D display.

Three launched the UK's first 3G
network allowing phones to be able
to download music, pictures and
games up to 10 times faster than on
a 2G network and also enabled quick
access to social networks, news,
sport, weather and to use apps and
maps that have become a constant
feature on the phones of today.

The BlackBerry 7270 was the first
Blac ' handset to feature Wi-Fi

your phone making this the populat
choice for business men and

Global mobile cellular
subscriptions in 2005
exceeded 2 Billion.

The Nokia N-95 arguably the worlds
first true smartphone that actually
could do most things normally done
on a computer, which ran on Symbian,
icked in a 332MHz Texas
ments CPU, and feature 160MB
of RAM. It also featured a decent 5-
;:r\egaplxel camera, Bluetooth, and Wi-
i.

The Apple iPhone was Iar%ely
responsible for changing i
the mobile srace forever. Apple’s
iPhone popul
millions of consumers,
touchscreen interfaces the norm,
round for overall

The Android operating system was

also used by Sa
o
galaxy which debut in 009"

Everything Everywhere, which
is now known as just EE,
launched the UK's first 4G
network on 30th October and
aims to provide 4G to 98% of
the UK by 2014.

Delivering Smart technology

for Smartphones.

e face of

rised applications wnh
ped make

The HTC Dream - Is an Android
smartphone. Released in October
2008, the Dream was the first
commercially released device to use
the Linux-based Android o[;beraung
system, Android was devel

Google.

Global mobile cellular
subscriptions in 2008 reached
4 Billion

Microsoft challenged other

artphone manufacturers by
announcing that Windows
>hone would become the
primary smartphone operating-
system for Nokia, superseding
the Symbian.

International Data Corporation (IDC)
expected smartphone shipments
worldwide to reach 958.8 million
umls, topping last year's total by
32.7% to account for 52.2% of the
mobile phone market. A smartphone
market forecast expects 75%
penetration in UK by 2016

exaget

exactly on target,

http://www.exaget.com/infograph/
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BEHIND THE FACADE
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Inside the Mobile Phone

Mobile phone is a sophisticated device
using SMD components, microprocessor,
flash memory etc. In addition to the circuit
board, mobile phone also has antenna,
liquid crystal display (LCD) , keyboard,
microphone, speaker, and battery. The
circuit board is the heart of the mobile
phone. It has chips like analog-to-digital
and digital-to-analog conversion chips that
translate the outgoing audio signal from
analog to digital and the incoming signal
from digital back to analog.

By dumping our mobile phones in landfill
sites, we are building up a huge collection
of electronic waste. Some ingredients
present in our mobile phones that can
impact the environment negatively are
lead, cadmium, cobalt, and mercury.

http://www.electroschematics.com/5231/mobile-phone-how-it-works/



Health Risks of Mobile Phone Usage

O Cause hemoglobin loss
from blood cells (O Cause memory loss and

(O Damage the mental confusion

nervous system

(O Cause headache

O Cause stress to the and fatigue

endocrine system - pancreas,
thyroid, testis and ovaries

O Cause joint pain,
tremors and muscle
spasms

O Increase digestive
problems and levels

of cholesterol O Cause skin rashes

O Alter electrical activity

O Induce asthma of the brain during sleep

O Reduce immunity to

microbes, viruses and toxins QO Affect the normal functioning

of sensory organs

http://www.exaget.com/infograph/



http://graphs.net/wp-content/uploads/2014/01/3.-Health-risks-of-cell-phone-usage.jpg

Health Risks of Mobile Phone Usage

4 Cell phones are
Rate at which P ;
In the cell phone radiation is rated based on their SAR

Electromagnetic absorbed by the head levels. Higher the rating, farther
i Rl T o ) Meadigy e i
pbetwe Absorption Rate (SAR). Itis L
en FM and for Apple iphone 4 is 0.67
microwave oven. inches and that of Blackberry
Bold is 0.98.

measured in watts per
kilogram (w/kg).

SAR Limits for Various Countries

50% of the cell
phone radiation is
absorbed into the head
and body.

United States - 1.6 w/kg Europe - 2.0 w/kg

Carcinogenic
Hazard: the WHO has
classified cell phone radiation
as a potential carcinogenin
humans in the same category
as lead, chloroform and
exhaust

Canada - 1.6 w/kg

: Www.appzzone.com : www.samplevisualization.com

http://www.exaget.com/infograph/




Absorption of RF Radiation by Human Body

Specific absorption rate (SAR) is a measure of the rate at which energy
Is absorbed by the human body when exposed to RF radiation (100 kHz
to 10 GHz). It is defined as the power absorbed per mass of tissue and
has units of watts per kilogram (W/kg).

oE¢
SAR = — In W/kg

2p
where o is conductivity of tissue (S/m), £, is electric-field strength
(V/m), and p is the density of tissue (kg/m).

Some safety tips:

« Stay away from the phone

« Store away from body

» Dial and stretch

» Avoid use in moving vehicles

* Avoid weak signals

« Keep in flight mode when not in use
» Use safe case or no case

« Use speaker or safe headset

« Text instead of talk



Absorption of RF Radiation by Human Body

Model

Limit
iPhone 7 Plus

(A1661, A1786 /
A1785 / A1784)

iPhone 7 (A1660,
A1780 / A1779 /
A1778)

iPhone SE
iPhone 65
iPhone 6S Plus
iPhone 6
iPhone 6 Plus
iPhone 55
iPhone 5C
iPhone 5
iPhone 4S
iPhone 4
iPhone 3GS

https://www.iphonetricks.org/breaking-iphone-7-and-7-plus-the-highest-radiating-phones-ever-created-by-apple/

SAR [Body]
(Over 1gr)

1.6 W/kg

2 5 (A (& 4 B
1.19

1.19/1.20/
1.19

1.19
1.14
1.14
1.14
1.16
1.18
1.19
118
119
111
0.67

SAR [Head]
(Over 1gr)

1.6 W/kg

119/119/
1.19

1.20/119/
1.19

1.17
112
1.14
1.08
1.14
1.18
1.19
1.25
1.18
117
1.19

SAR [Body]
(Over 10gr)

2.0 Wkg

0.95/1.29/
1.00

1.39/1.38/
1.34

0.99
0.98
0.98
0.97
0.99
0.99
0.95
0.95
0.99
0.74
0.45

SAR [Head]
(Over 10gr)

2.0 Wkg

1.34/0.96/
1.24

137/132/
1.38

0.97
0.93
0.87
0.93
091
0.93
0.99
0.90
0.99
0.93
0.40
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https://www.iphonetricks.org/wp-content/uploads/2016/09/iphone-7-head-to-head-sar-value-comparison.jpg

Absorption of RF Radiation by Human Body

Microwave Cellphone Effects
Absorption in the Brain According to Age

5 Year Old 10 Year Old Adult
Image courtesy of Dr. Om Gandhi, University of Utah, 1996, IEE Publication

Is Mobile Phone Radiation Harmful? (3 min)
https://www.youtube.com/watch?v=mWBIzRxHOFk

14
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Mobile Communication

Different digital cellular technologies:

« Global System for Mobile Communications (GSM)

« General Packet Radio Service (GPRYS)

« cdmaOne

« CDMAZ2000

« Evolution-Data Optimized (EV-DO)

« Enhanced Data Rates for GSM Evolution (EDGE)

* Universal Mobile Telecommunications System (UMTS)
» Digital Enhanced Cordless Telecommunications (DECT)
« Digital AMPS (IS-136/TDMA)

« Integrated Digital Enhanced Network (iDEN). Top of a cellular radio tower

|

Global System for Mobile Communications (GSM) is the
standard for mobile telephone systems in the world. In GSM, the
signaling and speech channels are digital, therefore GSM s
considered a 2G (Second Generation) system. Maximum
distance the GSM supports is 35 kilometers. Most 2G GSM
networks operate in the 900 MHz or 1800 MHz bands while 3G —
GSM in the 2100 MHz frequency band. Antennas

https://en.wikipedia.org/wiki/Cellular_network 15



Mobile Communication

Attribute

3G

4G

Major Characteristic

Predominantly voice- data as add-on

Converged data and VolP

Metwork Architecture

Wide area Cell based

Hybrid - integration of Wireless
Lan {WiFi), Blue Tooth, Wide Area

Frequency Band

1.6 - 2.5 GHz

2 - B GHz

Component Design

Optimized antenna; multi-band adapters

Smart antennas; SW multi-band;
wideband radios

Bandwidth 5 - 20 MRz 100+ MHz
Data Rate 385 Kbps - 2 Mbps 20 - 100 Mbps
Access WCDMA /CDMAZO00 MC-CDMA or OFDM

Forward Error Correction

Convolution code 1/2, 1/3; turbo

Concatenated Coding

Switching Circuit/Packet Packet
Mobile top Speed 200 kmph 200 kmph
IP Multiple versions ALLIP (IPv6.0)
Operational ~-2003 -2010

http://www.slideshare.net/ponnul6/4g-wireless-4067732

4G LTE (Long-Term Evolution)




Mobile Communication

"'H.\_::"
] ]
= E
-l -l
L] L]
™ e
M M
(] (|
L L
= =
L= k=
™ - il
) L) -
= - N
[ [
o Ll .
™ il
£ ET
1
o AR
- L -1
17 ¥

GEM World Coverage map 2015

S arldTimeZone comAll Rights resereed| B © ! [ smgo0 100 M-z [ GSM 85041900 Mhz

3G 2100 CSL Ltd; 3G 2100Mhz 4G LTE HKT 1800/2600Mhz; 4G LTE
900 1800 HKT; 3G 900/2100Mhz Hutchison; Hutchison 1800/2600Mhz; 4G LTE
3G 2100Mhz SmarTone; SmarTone 1800Mhz;

Hong Kong
(SAR)

http://www.worldtimezone.com/4g.html



Mobile Communication
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Evolution of Mobile Communication

millisecond

latency
x more devices

years M2M

Gbit/s battery life
peak data rates

Mbit/s
wherever needed ultra low cost

* Nokia 2014 - Looking ahead to 5G
http://www.rfpage.com/how-5g-technology-works/

From 1G to 4G & Towards 5G - Evolution Of Communication (11 min)
https://www.youtube.com/watch?v=2nsEAw_SirQ

Everything You Need to Know About 5G (6 min)
https://www.youtube.com/watch?v=GEx d0SjvS0
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Types of Satellites

_ . Eccentric orbit

Polar orbit

Low Earth orbit satellites

Satellites in low Earth orbits are normally military reconnaissance
satellites that can pick out tanks from 160 km above the Earth. They
orbit the earth very quickly, one complete orbit normally taking 90
minutes. However, these orbits have very short lifetimes in the order of
weeks compared with decades for geostationary satellites. Simple
launch vehicles can be used to place these satellites of large masses

Into orbit.
http://lwww.telescope.org/nuffield/pas/moon/moon9e.html



Types of Satellites

Sun-synchronous orbit satellites

Meteorological satellites are often placed in a sun-synchronous orbit.
These satellites are in polar orbits. The orbits are designed so that
the satellite’'s orientation is fixed relative to the Sun throughout the
year, allowing very accurate weather predictions to be made. Most
meteorological satellites orbit the Earth 15 to 16 times per day.

Geosynchronous satellites

Earth-synchronous or geosynchronous satellites are placed into orbit
so that their period of rotation exactly matches the Earth's rotation.
They take 24 hours to make one rotation. However, the plane of orbit
for these satellites is generally not the equatorial plane. The satellites
are used for communications at high latitudes, particularly in Russia
and Canada. The satellites are placed in highly elliptical orbits which
enable them to appear to hover above one point on the Earth for
most of the day.

http://www.telescope.org/nuffield/pas/moon/moon9e.html



Types of Satellites

Geostationary satellites

The majority of communications satellites are geostationary satellites.
Geostationary satellites like geosynchronous satellites take 24 hours
to complete a rotation. However, geostationary satellites are positioned
directly over the equator and their path follows the equatorial plane of
the Earth. As a result, geostationary satellites do not move North or
South during the day and are permanently fixed above one point on
the equator of the Earth. Most video or T.V. communications systems
use geostationary satellites. Geosynchronous and geostationary
satellites are typically orbiting at 35,788 km above the surface of the
planet (42,000 km from its centre).

Modern satellites have a mass of several thousand kilograms. They
are placed in space using launch vehicles like the Space Shuttle. Once
In space, most satellites obtain their power from the Sun using solar
panels. Satellites travelling deep into space often carry additional
nuclear power supplies.

http://www.telescope.org/nuffield/pas/moon/moon9e.html



Satellite Communication

A communications satellite relays and amplifies, through the use of
a transponder, radio telecommunications signals, between a source and
a receiver. Communications satellites are used for television, telephone, radio,
internet, and military applications. There are over 2,000 communications
satellites in Earth’s orbit, used by both private and government organizations.

- - - Communications Satellite
Passive satellites only redirect it ;

(usually via reflection) the signal Tutonvista
coming from the source, toward Receiver
the direction of the receiver. v

N
»
\
,
\

_Downlink

Active satellites amplify the Uplink 7 Transmitter

received signal before re- e ‘

transmitting it to the receiver on % |
Transmitter -, Receiver

Microwave links

" “Range up 10 40,320 km
e; s —_ B

Ground, Air, or Ship Terminals

the ground

Satellite Communication (4.5 min)
https://www.youtube.com/watch?v=hXa3bTcIGPU
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https://www.youtube.com/channel/UCPCEvMNPoFYZZUaPVPH-Fmw

Satellite Frequency Bands

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
signals (e.g. loran-C) radio radiotelephony navigation GPS telecommunications  systems
aids
7~ \\|
l\\ & ,’:\\\
@m l\\&’ ,
I :
100 km 10 km 1km 100 m 10m

Im 10 cm lcm 1mm
€ Increasing wavelength

Increasing frequency »
300 MHz 3 GHz 30 GHz 300 GHz

b 1-40 GHz —

GHz 40

3 KHz 30 KHz 300 KHz 3 MHz 30 MHz

SATELLITE FREQUENCY

18 26

Ku K Ka

The higher frequency bands give access to wider bandwidths, but are also

more susceptible to signal degradation due to the absorption of radio signhals by
atmospheric rain, snow or ice.

http://www.esa.int/Our_Activities/TeIecommunications_lntegrated_AppIications/SateIIite_frequency_bangis



Global Positioning System (GPS)

A position on earth's surface is determined by measuring the
distances to three satellites simultaneously. For this task, GPS
receivers are used, which decode the information sent by the
satellite. The satellites are equipped with atomic clocks, allowing
an extremely precise time measurement. The signals sent by the
satellite contain encoded information on the exact moment of
transmission. A receiver on earth contains a memory with the
coordinates of the orbit of each satellite. This allows for the
allocation of a received signal to a specific satellite and the
calculation of the runtime (and thus, the distance).

GPS satellites fly in medium Earth orbit at an altitude of 20,200
km. Each circles the Earth twice a day. As of August 17, 2015,
there were 31 operational GPS satellites

http://wiki.awf.forst.uni-goettingen.de/wiki/index.php/Global _Positioning_System_(GPS)
http://www.gps.gov/systems/gps/space/



Global Positioning System (GPS)

A minimum of three GPS satellites (in reality, four GPS satellites) is
needed for position determination. The use of more satellites can correct
errors and make more precise measurements.

How Does GPS Work? (5 min)

https://www.youtube.com/watch?v=FU pY2sTwTA
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Transmission Lines

Transmission line is a specialized cable designed to carry
alternating electric current at radio frequencies. Transmission lines
are used for purposes such as connecting radio transmitters and
receivers with their antennas, distributing cable television signals,
routing calls between telephone switching centers, computer
network connections, and high speed computer data buses.

https://en.wikipedia.org/wiki/Transmission_line

Coaxial cables

plastic jacket b

dielectric insulator ] 3 [

metallic shield

centre core

https://en.wikipedia.org/wiki/Coaxial _cable http://mww.zimexy.com/
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https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIrk0dfqjMgCFWUcpgodED4NDg&url=https://en.wikipedia.org/wiki/Coaxial_cable&psig=AFQjCNGRLgkXinZ1dKo49D77jaQ8912erA&ust=1443085997651784

Transmission Lines

A microstrip line feeding a patch antenna designed for operation at 10.3 GHz

metallic
microstrip

I substrate

/

metallic
ground plane

http://mwww.photond.com/products/fimmwave/
fimmwave_applications_09.htm

http://amitec.co/home/antenna-positioner-transmission-
line/rf-microwave-antenna
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http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLSGusnsjMgCFaPZpgodMf0KXA&url=http://www.photond.com/products/fimmwave/fimmwave_applications_09.htm&psig=AFQjCNG93mIhag5mGoajN8rvHHiXNF_9Mg&ust=1443087115908649

Microwave Wavequides

Waveguide is a structure that conveys electromagnetic waves between its
endpoints. The most common waveguide for transmitting radio waves is a
hollow metal pipe. This type of waveguide is used as a transmission line
mostly at microwave frequencies, for such purposes as connecting
microwave transmitters and receivers to their antennas, in equipment such
as microwave ovens, radar sets, satellite communications, and microwave
radio links.

https://en.wikipedia.org/wiki/Waveguide (electromagnetism)

http://www.microwaveengservices.co http://www.gigacomp.de/A1Microwave_en.php
m/waveguide.html
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Exercise

A 4G mobile phone operating at a carrier frequency of 2.2 GHz emits an
equivalent isotropic power of 6 W to establish communication with the
nearby base station. Estimate the line-of-sight distance range of the base
station from the mobile phone, if the power received by the base station
must be higher than —-68 dBm and the receiving antenna of the base
station has a gain of 3 dB.

Consider transmitting a microwave signal to a distant receiver via a
geostationary satellite, which orbits at 35788 km from the surface of the
Earth. Estimate the time delay (the latency) of the signal caused by wave
propagation, if the receiver is 2500 km away from the transmitter and the
satellite is located directly above the receiver.

The average electric-field strength generated inside a human brain by a
mobile phone operating at 1800 MHz is E, = 9.0 V/m. Estimate the
Specific Absorption Ratio (SAR) of the brain, given that the conductivity
and the density of the brain at 1800 MHz are 1.7 S/m and 1.030 g/cm?,
respectively.



