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The periodic time or period T in seconds represents the time of one complete
cycle :
=i1/f . and . f=1/T

Wavelength A represents the propagation distance in one cycle time, thus,
A= c/f=cT
where c is the velocity of the signal.

e For a sound wave, the velocity in the air is approximately 346 m/s; for light or
radio waves, approximately, ¢ = 300,000 km/sec.

Periodic Signal >wn=o&n m.mub_

A signal which repeats iiself after a A signal which does not repeat itself after a
ific interval of time is calied periodic specific interval of time is cailed aperiodic |

S e |

\ signal that repeats its pattern over a A signal that does not repeats its pattern |
iod is called periodic signal. over a period is called aperiodic signal or |

onYPerodiICH . A e ,
They can be represented by a They cannot be represented by any |
mathematical equation. -mathemaiical equation.

Their value can be determined at any Their value cannot be determined with
point of time certainty at any given point of time.

ey are deterministic signals. They are random signals. : S
Example : sine, cosine, square, sawiooth Example : sourd signals from radio , all |
ete. . types of noise signals.

X1
1 second, 5 cycles per second = 5 Kz

00 el o e
LY EYRVEVEVS

maoﬁ_xlgﬁsoﬂltu-ﬁu»oonﬂ

Non-periodic signal

Frequency domain Concept
e In ?m&ﬁm:n% domain voitage and power are measured as function of frequency.

e A spectrum analyzer is often used to 2 analyze signals in the frequency domain. It

does so by separating signals into their frequency components and &mv_mﬁbm
the power level at each frequency.

e The signal consists of sinusoidal components at various _frequencies. This
frequency-domain description is called the spectrum. Consider the expression :

S(t) = (4/m)x(sin (21 ft) +(1/3) sin (27 (30)1))

TECHNICAL PUBLICATIONS™- An up thrust for knowledge




e f o> Transmission Fundamentals,
°8 Land 3f, Moblle Computing and Wireless Communication 1-5 Communication, Protocols & TCP/IP

o This waveform has infinite number of frequency components and infinite
bandwidth.

. mﬂr.3v=~=an&w9§§§§.r_\ruoasz&nxﬂﬁ,@,a
concentrated in the first few frequencies. Limiting the bandwidth to only the first
few frequencies gives a shape that is reasonably close to square wave.

. . Qﬂgwggggigugaﬁﬁriﬁzvgt&&&

4 Mhz.
2.0T

_ Case I : Approximate square wave with a waveform of first three sinusoidal

components.
4 1 1

m«._”um: Awamc +w um:ANnAuoc +w &Sanlma@

ﬁ;t.d_w.:rﬁnw of a periog; 1 = 106 cycles per seond, or 1 MHz, the bandwidith of the signal.

eNCy  such that g, o\ Al 6 1 s Ree 6
iples; the S -Acla sin (2 x10 xc+wm=1~uxux8 xc+w.n.5ANuxmx5 xc\‘_
ental frequency. is (5x106)-10° = 4 MH.
of the fundamen mgmum§~§a&§§EQWHnm“ﬂu_oéu—E
If the waveform is a bit string of 1's and 0's, one bit occurs every 0.5 ps, for a data
rate of 2x10° bps or 2 Mbps.
b Case Il : Assume a bandwidth of 8 MHz and f = 2 MHz; this gives us the signal
aining most of the bandwidth as

(6x2x10°)—(2x10°) = 8 MHz

changes the averag 1

wﬁﬂumuohgsgggiﬁﬁg.ﬁo&ﬁgugBﬂom

5 centered. Higher the 4 Mbps. Other things being equal, doubling of bandwidth doubles the potential data

i rate. ;

Case IIl : Let us represent the signal by the first two components of the sinusoid

x as,

, 88-108 Mhz. This limis x| in @+ 5 sin excinn |

.‘,‘:Hgg_ucvgggm gzﬁnmunéﬂadumnc.mtwmogn the time for one bit is 0.25 us
s of period 3f, 56, 7f, - - giving a data rate of 4 Mbps. Bandwidth of the signal is,

wre wave. Frequency (3%2x10°)-(2x10%) = 4 MHz

n be expressed as- * A given bandwidth can support various data rates depending on the ability of
the receiver to discern the difference between 0 and 1 in the presence of noise
and other impairments.

* Any digital waveform has infinite bandwidth because -
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width transmittoy 4. Digital data/Analog signals :

e e It is necessary to convert digital data to analog signal. One such device is a

difficult to interppe e modem o translate between bit-serial and modulated carrier signals.

. » To send digital data using analog technology, the sender generates a carrier
signal at some continuous tone (e.g. 1-2 kHz in phone circuits) that looks like a
sine wave. Several techniques are used to encode digital data into analog signals.

&unze Resulting bandwidth is centered on the carrier frequency.

Digital data -—————— Analog signal
(binary voltage u:.uma, (modulated on
carrier frequency)
A " = 5 Modem
SR Y. a,
s P w_ﬂmg_ On ang Fig. 1.2.1

2: >=w_.ob data/Analog signals
e w e It is transmission of analog data in a similar manner with amplitude, phase and
ave that e frequency-modulated waves.

Analog signal

cable); fiber optic cable

g " (voice sound waves)
: 7 be transmitted over g Talaohate
__%.@ﬁ_.é:nmm level may . e

e Two reasons for this form of transmission :
a) Transmission media may need to use a higher frequency than that used by
the data (such as voice).
b) Modulation permits frequency-division multiplexing,.

3. Digital data/Digital signals
e A simple encoding method is to use constant voltage levels for a "1" and a "0".

Can lead to long periods where the voltage does not change.

Digital
transceiver

Digital signal

Digital data

Fig. 1.2.3
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e For a given bandwidth, data rate can be increased by increasing the number of
different signal elements. Value of M is practically limited by noise and other
- impairments on transmission line.

[EE¥A shannon Capacity Formula

Nyquist formula gives the relationship between bandwidth and data rate.
Noise can corrupt bits of data :
1. Shorter bits imply that more bits get corrupted by a given noise pattern.
2. Higher data rate means higher error rate.
Higher signal strength can lead to better discri
of noise.
Signal-to-Noise (SNR) ratio

e SNR is defined as ratio of power in signal to the power in noise present at a
particular point in the noise.
SNR is typically measured at the receiver to process the signal and eliminate
unwanted noise.
SNR is often measured in decibels

_Hmmm:»_ voin;

Noise power
SNR expresses the amount by which the intended signal exceeds the noise level.
High SNR implies a high quality signal while low snr indicates the need for
repeaters.
SNR sets the upper bound on achievable data rate.
Maximum channel capacity C, in bps, is given by :
C = Blog2 (1 + SNR)

where B is the bandwidth of the channel in Hz

Shannon formula gives the maximum possible capacity assuming only white
noise; it does not take into account the impulse noise, delay distortion, and

attenuation. H

EXN Transmission Media
e The transmission medium is the physical path between transmitter and receiver.
Tran$mission media is also called Communication channel.
o The transmission media that are used to convey information can be classified as
guided or unguided. Guided media provide a physical path along which the

of signal in the presence

(SNR)dB =10log10
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Rotating generators B adics ard Badar Lasers gt
Musical instruments Electronic tubes Micrergve ntennss messdes
Vorce microphones Integrated mrus Magretrons Pangefinders
Caliviiar sephony
Twisted pair “
Coavial e
\* 12
AM racSo FM radio Terestnal
and TV | and satesee
| LT (o
L 1 1 1 1 L L L _y p y 3 3 | 1 1

ELF = Extremely low frequency MF = Medium fraquency UHF = Ultratugh fregquency
VF = Voice frequency HF = High frequency SHF = Supertagh frequency
“m“ﬁ]gg VHF = Very high fequency  EHF = Extramely high frequency

Terrestrial Microwave
® A primary use for terrestrial microwave systems i in long-haul
telecommunications service, as an alternative to coaaal cable or optical fiber.
* For increasing the distance served by terrestrial microwave, repeaters can be
installed with each antenna. The signal received by an antenna can be converted

ﬁﬁéﬁﬁﬁE&EEE ,
= - -

Fig. 1.4.3 Terrestrial microwave

-
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g shown in belgy
fgur I Multiplexing
,-_,onn.oB..mgzn Specty, o Multiplexing is a technique that allows the simultaneous transmission of Bam.wr.
2t0 40 GHy, ™ I¢ data link. There are three categories of multiplexing,

1k _u’Ea:s:Q.U?ES ZE%E&M (FDM)

to link twg " 2. Time Divigion Multiplexing (TDM)
a5 earth. station 9“ 3. Wavelength Division Multiplexing (WDM)
space. The satellj, 0 Muitiplexing

o —
it speed hat exiclly .\ h *
18 positioned jy , Froquency - division | | Wavelongth - division Time - division
h Eﬁ -?sva stays over , \ multiplexing multiplexing multiplexing
ound_stations to iy, ;-A Analog Analog Digital

e g Fig. 1.5.1 Muitiplexing types
tion of focused :
- ™ ENEN Frequency-Division Multiplexing (FDM)

usly present at ver o Frequency-Division Multiplexing (FDM) is an analog technique that can be
aration and EM field - applied when the bandwidth of a link (in hertz) is greater than the combined
e bandwidths of the signals to be transmitted. Example : multiplexing 12 analogue

o v voice channels (4 kHz nominal bandwidth) into a link with bandwidth equal ¢
th the satellite (and is /\ &_Mmu. ( n andwidth) into a with bandwidth equal to

B
(Hz)

CH4

CH3

— —————CH2

AN e = m—— B

~ stations (/D) : CH1

T e Fig. d..../.»m_i channels

e In FDM, signals generated by each sending device modulate different carrier
. frequencies. These modulated signals E.m\fﬂynou&wﬁa into a single composite
signal that can be transported by the link.
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Each ng:manob occupies a portion of

o multiple channels using
(aon overlapping) ™

[ime UEE? KEﬂw_en:m (STM) - fixed
al w\ﬂﬂ.ﬁﬂﬁ slots in n the

made up of 32 time slofs
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C
(bit/s)

CH1|CH2|CH 3|CH 4|CH 1|CH2|CH 3|CH 4

[ ol ]
-

Frame i Framei+ 1
Fig. 1.5.4 TDM channels
with a period of 125 us and 8 bits transmitted per slot, the channel capacity is
64 kbit/s
e A channel is identified by the position of the slot if occupies in the frame
(position multiplexing), which requires a mechanism for identifying the start of a
frame (frame synchronization).
o Each flow is transmitted on the multiplexed link at the link rate and a
conversion to the original rate occurs at the demultiplexer - the flow suffers a
fixed delay (that corresponds to the time to access its slot).

w

e Lt 3T
) A3 1 A2 1 AT
I“ﬂ._qﬂ“ Frame 3 Frame 2 Frame 1
1 1 1 - T T T T T
C3:83,A3 B2,A21 |C1 A1
ﬂ\ s EEEIREEIEEE
1
1
1

i i Each frame is 3 time slofs.
' C3 ! 1 C1 Each time slot duration is T seconds.
===} ! ]

Data are taken from each

line every 3T seconds

Fig. 1.5.5 TDM process
e In synchronous TDM, the data flow of each input connection is divided into
units, where each input occupies one input time slot.

e A round of data units from each input connection is collected into a frame. If we
have n connections, a frame iz divided into n time slots and one slot is allocated
for each unit, one for each input line.
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unication Networks
o Communication networks

Local Area Networks (LANs)
2 Metropolitan Area Networks (MANS)
3. Wide Area Networks (WANs)

Local Area Networks (LANS) .
e LANSs are confined to a single building or a group

o—.@nﬂﬁmﬁ&r

o OoBBoB_v. used transmission media are twisted pair cable, coaxial cables ang

optical fibers.

Metropolitan Area Networks (MANs)
MANS are used to interconnect computers within metropolitan city.

Communication medias are shielded lines, optical fibers, radio links.
Broadband capability provides data, voice and video transmission i.e.
multimedia networks.

Wide L.cn Networks (WANSs)

o Intercity, intercountry and intercontineutal networks are known as WANS.

transmission facilities used WANS are classified as -
a) Terrestrial Data Networks (TDNs) : Optical fibers.
b) Satellite Based Data Networks (SBDNs) : Geosynchronous satellite.

TS

2

LAN

Fig. 1.6.1 Data network hierarchy
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can be classified according to their geographic,

of building within a

Synchronous optical networks (SONET) are designed to operate at high speeds.

Communication medias are fiber optic cables or radio links. According to | mmm&“

3

PEEEEse——
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e A global network can be formed by interconnection of LANs, MANs and WANSs.
Fig. 1.6.1 shows data network hierarchy.

[4.6.1 ] Comparison of LAN and WAN

o

; Definition :
|

,

DoB_vozm:_u

*

|

‘ Data transfer
| rates

, .
MANS ar ;Hun_ﬁo_omw g

Connection :

* Maintepance
| costs :

|

| Fault

| tolerance :

| Data
| transmission
€rTor :

Ownership :

LAN

LAN (Local Area Network) is a
computer network covering a small
geographic area, like a home, office,
schools, or group of buildings.

layer 2 devices like switches, bridges.
layer] devices like hubs , repeaters.

LANSs have a high data transfer rate.

Tend to wuse certain connectivity
technologies, primarily Ethernet and
Token Ring.

one LAN can be connected to other
LANSs over any distance via telephone
lines and radio waves.

high speed (1000 mbps)

Because it covers a relatively small
geographical area, LAN is easier to
maintain at relatively low costs.

LANs tend to have less problems
associated with them, as there are a
smaller amount of systems to deal
with.

Experiences fewer data transmission
@ITOrS. X

Typically owmned, controlled and
managed by a single person or
organization.

WAN

WAN (Wide Area Network) is a
computer network that covers a broad
area (e.g, any network whose
communications links CTOSS
metropolitan, regional, or national
boundaries over a long distance.

Layers 3 devices Routers, Multi-layer
Switches and Technology specific
devices like ATM or Frame-relay
Switches etc.

WANs have a lower data transfer rate
as compared to LANS.

WANs tend to use technology like
MPLS, ATM, Frame Relay and X.25 for
cennectivity over the longer distances.

Computers cornected tc a wide-area
network are often connected through
public networks, such as the telephone
system. They can also be connected
through leased lines or satellites.

less speed (150 mbps)

Maintaining WAN is difficult because of
its wider geographical coverage and
higher maintenance costs.

WANS tend to be less fault tolerant. as

it consists of a large amount of systems
there is a lower amount of fault
tolerance.

Experiences more data transmission

errors as compared to LAN

WANSs (like the Internet) are not owned
by any one organization but rather

under collective or dist d
ownership and management over 8
distances.
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ing in from one port to , , Advantages of circuit switching
\ ; forward coming in ; Poy o 2 02
: wggﬂiwamﬁ vnoﬂaw M.memmob. mﬂn_“mw._mgnm transmission is typically gy, 1. Real-time transfer of voice signals.

e 2. Technology is mature.
a network of switched nodes.
over B ; e s iotes connect to other nodes o 3. Lowest end to end delay.
e The switching %ﬂnﬂo are £ Disadvantages of circuit switching
o= some stations. : : :
some nog. ected £ ] i ino 1. Comparatively high cost of switch.
e The switching performed by different 2. Lower system utilization.
following three types : Sl 3. Call may be lost in busy network.
S e 3. Message Switching 3 y y vt
A it msagm 2. Packet mgnnﬁgm

Packet Switching
EEZEN Circuit Switching :

% e In circuit switched =m2<onxm“ an &mnn:nu_ path is established between the sourq
and destination before data transfer. (S & F) format

Each packet transmission is indepen
different route with different dela

e The electrical path may be realized via physical wires, radio or satellite links. i
e The path established is dedicated for the entire period of transmission. No othe ,

It is a form of store and forward network. The message is split into number of
packets of fixed size and these packets are transmitted in store and forword

dent of others. The packet may travel via

¢ ys. At destination host, these packets are
user can access the path. The connection is released only when signalled b reassembled.
SeEEIRtng devices. * Each packet contains destination host id, source id, message id and packet id.
e Example of circuit switched data network is PSTN.

Fig. 1.7.2 Packet switched network

Fig. 1.7.1 Principle of circuit switching e Host - 1 wants to send message to Host - 4, the message is divided into packets

1,2, 3 and 4. These packets may take different path and at destination they may

e Host-1 wants to communicate to Host-3, a connection request is made ! arrive at out of sequence. It is the responsibility of network to resequence the
switching node N1, the node N1 selects a suitable neighbouring node based ¢

packets before delivery to the destination.
routing algorithm (Node - 6). Now node - 6 selects a suitable forward path un®
electrical path between Host - 1 and Host - 3 is established.

TECHNICAL PUBLICATIONS”™- An up thrust for knowledge
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4. Functions needed in both systems
5. Peer layers communicate

EEJ TCPAP Protocol Architecture

mﬁﬁ&: o TCP/IP stands for Transmission Control Protocol / Internet Protocol TCP/IP is

Intemet TCP/IP defines how electronic devices (like computers) should be

connected to the Internet, and how data should be transmitted between them.

. * The TCP/IP standard consists of several protocols for handling data

communication :

1. TCP (Transmission Control Protocol) communication between applications

2. UDP (User Datagram Protocol) simpie communication between applications

3. IP (Internet Protocol) communication between computers

4. ICMP (Internet Control Message Protocol) for errors and statistics

B 5. DHCP (Dynamic Host Configuration Protocol) for dynamic addressing

e e T £ nﬂinm—u&oogoocg

K et e TCP is for communication between applications. If ane application wants to
communicate with another via TCP, it sends a communication request This
request must be sent to an exact address. After a "handshake” between the two
applications, TCP will set up a "full-duplex” communication between the two
ikt
the two computers until it is closed by one of the two applications.

Connection-Less

%E._._w
IP is for communication between computers. IP is a “connection-less”
communication protocol.

e IP does not occupy the communication line between two computers. [P reduces
~ the need for network lines. Each line can be used for commumication between
many different computers at the same time.

* With [P, messages (or other data) are broken up into small independent
“packets” and sent between computers via the Internet.

:omnn_l

cPap

e TCP/IP is TCP and IP working together. TCP takes care of the communication
between your application software (ie. your browser) and your network
software.

TECHNICAL PUBLICATIONS - An up rust for knowledge




o Data exchange between entities of

adjacent layers e between layer N and layer
N-L, takes place in the term of

interface data wnits (IDUs). Fig. 1.103 shows
structure of [DU.
information OCT)
Fig. 1.10.3 Structure of DU
EETEN Link-to-Link Layers

& lllﬂugr’il"ag.—.’['
isisgli{.nﬂg. i
~ a link-to-link basis. proceeds




E— TR

Transmission Fung

= A am,
Communication, Protocols 4 wm_%,
b

St 1

r,u.u,ué A uv ~

« In link-toink basis services obtain from the
services to the immediate upper layer.
« OSl services are categorized into two forms -
1. Connection oriented services
o Peer entities of OSI layers communicate using peer protocols.
e Protocols are strict procedures and sequence of actions 8 vm followed in order,
achieve orderly exchange of information among peer entities.

immediate lower layer and Provy
) !

l._ EI'¥J] End-to-End Layers

e Layers 4 to 7 of ISO-OSI reference model (i.e. transport, session, presentatio,
application layers) communicate with peer entities in the end systems.
e While communication among these layers there are no intermediate systen
hence layers 4 to 7 are called end-to-end layers.
E Short Questions and Answers

Ql Distinguish betwsen data and signal.

Ans : Data is an entity, which conveys some meaning. On the other hand, the signal
is a representation of data in some electric, electromagnetic or optical form. So,
whenever data needs to be sent, it has to be converted into signal of some form for
transmission over a suitable medium.

Q.2 Distinguish between time domain and frequency domain representation of a
signal.

Ans : Time Domain Representation : Whenever a signal is represented as a function
of time, it is called time domain representation. An electromagnetic signal can be either
continuous or discrete. It is represented as s (t). Frequency Domain Representation :
Whenever a signal is represented as a function of frequency, it is called frequency
domain representation. It is expressed in terms of different frequency components and
represented as s (f).

Q3 What is crosstalk? How is it minimized in case of twisted-pair of wire?
Ans : Crosstalk : Crosstalk refers to the picking up of electromagnetic signals from
other adjacent wires by electromagnetic induction.

When a pair of wires is twisted together, the electromagnetic signa
generated by the two wires cancel each other as these are of opposite polarity. This
helps to reduce the susceptibility of interference to the adjacent Summm

Q.4 <<.=2 are the factors responsible for attenuation in case of terrestrid
microwave communication?

TECHNICAL PUBLICATIONS™- An up thrust for knowfedae
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Ans. : Attenuation due to distance is 10 log (4nd/ 2)2. Factors responsible for
attenuation are given below :

1. Distance - Attenuation is more if distance increases.

2. Wavelength - Attenuation is less if wavelength is longer. (ie. high
frequency components are attenuated more than the low frequency
component).

3. Rainfall - Attenuation is less if there is no rain.

Q.5 What equipments are used to visualize electrical signals in time domain and
frequency domain?

Ans : Cathode Ray Oscilloscope is used to visualize electrical signals in time domain
and Spectrum Analyzer used to visualize electrical signals in frequency domain.

EEFA Multiple Choice Questions

Q.1 The sharing of a medium and its link by two or more devices is called
[a] Fully duplexing |b] Multiplexing |[c' Botiaandb |d None of the mentioned

[Ans. : b]
Q.2 Which multiplexing technique transmits digital signals ?
@ FDM |b] TDM [c. WDM 'd None of the mentioned
[Ans. : b]
Explanation : FDM and WDM are used in analog signals.
Q.3 If there are n signal sources of same data rate than TDM link has slots.
m.w n [b]n/2 [c| n*2 [d] 2o [Ans.: a]

Explanation : Each slot is dedicated to one of the source.
Q4 In TDM, slots are further divided into

E Seconds Mﬂ. Frames 'c Packets 'd None of the mentioned
[Ans. : b]
Q.5 OSI stands for
TM open system interconnection c operating system interface
@ optical service implementation u@ none of the mentioned [Ans. : a]
Q.6 The OSI model has ___ layers.
la] 4 b|s e 6 d 7 [Ans. : d]

Q.7 Transmission data rate is decided by

_, uni“ network layer |b| physical layer | m‘ data link layer |d transport layer [Ans. :bl

Qaa
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| X1 cellular Wireless Networks

The voﬁ_&n_ : Hal of communication without wires have grown tremendously duye 4,
invention and development of sophisticated radio equipments. The mobile rag,
systems are now becoming so popular for both business and domestic use.

~ » The available frequency bands are becoming saturated without meeting even ,
fraction of the increased demand. The conventional land mobile system sufferg

ﬂ from the problem of -
~ , w 2. Poor service performance

3. Inefficient frequency spectrum utilization
b : 4. Spectral congestion in mobile radio environment.
.
,

e All above problems can be solved in cellular mobile telephone system.

PXE] Principle of Cellular Networks

e A cellular system is a combination of a modulation and multiple access
techniques, this method is equally applicable to both analog and digital systems.
Cellular radio is a technique that was developed to increase the capacity available
for mobile radio telephone service.

e 0m=EE. systems are complex but a much more efficient. It includes several
m‘ | &uﬂvg of engineering and has taken much enterprise and development to
, f , , mmm..B_Em into global systems. Prior to the introduction of cellular radio, mobile
' o radio E@@Jo:m service was only provided by a high-power transmitter/receiver.
Also, a typical system supported about 25 channels with an effective radius of
: about 80 km.
f i, ° Om:EE. radio requires ..“oBE:mmo: of many large scale techrology e.g. HF
g Nﬁ:n&&ﬂnmou .89:&0%@9 radio transmission planning and global fixed
ecommunicatiors networks.

¢ The way 8 increase the capacity of the system is to use lower-power systems with
shorter radius and to use numerous (many) transmitters/receivers.

PEEER Cellular Network Organization

| o “” oH_mmb“o of a cellular network is the use of multiple low-power transmitters,
: . .aomw. W or less, as the range of transmitter is small, an area can be
vided into cells, each one served by its own antenna.
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e Each cell is ailocated a band of frequencies and is served by a base station,
consisting of transmitter, receiver, and confrol unit.

o Adjacent cells are assigned different frequencies to avoid interference or crosstalk.
But, cells sufficiently distant from each other can use the same frequency band.

e In cellular systems, improved spectral efficiency and ability to handle heavy traffic
demands can be achieved by frequency reuse and cell splitting techniques.

o Frequency reuse refers to the use of radio channels on the same carrier frequency
to cover different areas which are separated from one another by a sufficient
distance so that co-channel interference is not objectionable.

e Cell splitting is further dividing a cell into smaller cells a set of channel
frequencies is reused more often, leading to a higher spectral efficiency.

e Higher spectral efficiency leads to more subscribers, cheaper equipment due to
mass production, low call charges and, overall lower cost per subscriber.

e Examples of analog cellular mobile radio systems are -
1. AMPS (Advanced Mobile Phone System) in USA,

2. TACS (Total Access Cellular System) in UK,
3. NAMTS (Nippon Advanced Mobile Telephone System) in Japan.

FXEF] Cellular Concept

e The overall service area is divided into small cell, ideally with no gaps or
overlaps, each cell being served by its own base station and a set of channel
frequencies. The power transmitted by each station is controlled in such a way
that the local mobile stations in the -ell are served, while co-channel interference,
in the cells using the same set of
radio channel frequencies is kept ("
minimum. 4

e As shown in Fig. 2.1.1 the cells are
hexagons with the repeater and base
station at the centre. The N cells
which collectively use the complete Three-cell cluster
set of available frequencies is called a
cluster.

e Cell sizes are made smaller at the centre of the city or area of occupation of most

Four-cell cluster
Fig. 2.1.1

subscribers.

e Cells are arranged in clusters. Only certain clusier sizes are possible, principally due
to geometry of a hexagon and the allowable cluster sizes of 3, 4, 7 and 12 are
shown by way of illustration.
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‘o The hexagon shape permits easy and EB.EN@QE@ analysis of a nmEEE.. system, The
-ﬂ:&ﬂ&ogﬁdma&nn&wgg&%ﬂ;n footprint of ce))
determined by field measurements or propagation prediction models.

« The hexagonal cells fit together to form a honey comb pattern. Fig. 2.1.2 shoy,
%&EE@%EEQ&H%.

« The hexagonal shape of cell ensures the most effective transmission but in realit
Euagm»gi:nonn&m@onggEoo%maonm:rm_waw@w?
circular pattern with some overlap.

. Emgmmﬁg%aﬁﬁﬁngsgomﬁ%s:%o:g
available radio spectrum. Also there must be low interference, good quality speech

and an acceptable grade of service.
e S
020
(72
“‘ °‘°
(b) Two sizes of cell

(a) Honey comb pattern or
seven cell cluster

Fig. 2.1.2 The concept of cell

e The frequency channels are full duplex hence each conversation requires a pair of
frequencies. The forward and reverse directions from the base station to the

mobile are to different frequency band and the two frequencies are separated by
45 MHz.

* The factors affecting number of channels in a particular area :
1. The available frequency spectrum.

2. The cell size or transmitter power,

3. The reduction in the quality of the link that can be tolerated due to co-channel
interference.

¢ The normal maximum number of channels operating in a cell is limited to 120 and

this occurs in places where the traffic is highest. The capacity of a system in an

area is determined by the number of channels in a cell and the cell size.

% ~
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e The number of simultaneous users is given by expression :
m (W /N)

REEE =B
Where,
W is total available spectrum,
B is bandwidth needed per user,
N is frequency reuse factor,

m is number of cell required to cover an area.
e Above expression indicates the capacity of network can be increased by :
i) Increasing m

ii) Decreasing frequency reuse factor

P30l Cellular Hierarchy

e Hierarchical cellular infrastructures of different sizes are used in cellular network
because of following reasons :
i) To extend the coverage to the areas those are difficult to cover by a large cell.

ii) To increase the capacity of the network for those areas that has a higher density of
users.

iii) To provide coverage for specific application

e For deployment of cellular network numbers of cell sizes are used to provide a
comprehensive coverage supporting traffic fluctuations in different geographic
areas and supporting a variety of applications.

e Different cell sizes are defined as follow.:g,

1. Femtocells
e Femtocells are the smallest unit of hierarchy used for connection of personal
equipment such as laptops and cellular telephones.

e The femtocells cover only few meters where these devices are used within

physical range of users.

2. Picocells

e Picocells are the small cells inside a building that support local indoor

networks. For example, wireless LANs, Wi-Fi networks,

¢ The size of these networks is in the range of a few tens of meters,

3. Microcells
e The microcells cover the interiors of streets and its antenna is located at the
helghts lower than the rooftop of the building,
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Total cell transmitter = 35
B mgrmuuﬁhrmu

Bandwidth per cell = N
714 kHz
1 = ——— =71 user
Capacity of each cell = 7

Total system capacity = Total number of cells * Capacity of each cell
Total system capacity = 35 * 71 users = 2485 users

PEEE] Cell Fundamental

. ?Eo»gmg%mmamﬁgﬁﬁgmggmdmm&gﬂﬁ
without any overlapping cells or gaps in the coverage area.

° ?n:um&rmxmmoumamwﬁ?mgm&%ﬁmgmommﬁgvgscg
easier.

° ?ﬁowmgmggmﬁn&m@aiagmﬁﬁdg8<Qumm0mmmw<g§
without either overlapping or holes. These are equilateral triangles, squares and
hexagons. Hexagons best approximate the circular shape of base station coverage
in a flat terrain without obstacles and the hexagonal edges well approximate the
borders between cells of the same size.

e In reality, the base station coverage does not have a regular crcular shape because
the coverage is a result of terrain architecture and obstacles such as houses, trees,
eic.

FPEF3 Frequency Reuse

e In a cellular system, the frequency space allocated is insufficent. for a 7 cell
cluster arrangement the allocation of frequencies mto seven sets is required. The
same ggnwvgnong&ggmﬁzgggggo?mn&dmﬁ. or
cell ie. frequency to be used for multiple simultaneous conversations. This is
referred to as frequency reuse.

o Frequency reuse is the process of using the same set of frequencies to more than
one cell. (See Fig. 2.1.4 on next page)

e However frequency reuse depends on various factors such as transmitter power of
base station, antenna gain and height, distance between cells. The distance
between the two cells using the same frequency is known as reuse distance, is
denoted by D. A typical cluster of seven cells shows frequency reuse pattern and
reuse distance.
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cluster, topographic cell distribution and channel assignment, then it will
gﬁﬁoﬁm@miﬁlﬂﬁﬁm%ﬁﬁﬁgg&mﬁmﬁ%i&gﬁm
the same carrier frequencies.

Solved Examples

cell patten

el

” oside

Solution : Given : Cluster size N = 7

Cell radius R = 5 km
. Frequency reuse distance is given by D = 3NR
I
D = J3*7 *5=45823*
D = 22913 km .- Ans.
For cluster size N = 4
D = J3*47*5=3464"5
D = 1732 km ... Ans.

ine frequency reuse distance for a cell radius of 2 km and cluster size

Solution : Given : Cluster size N = 8

radius and cell 'R and

Cell radius R = 2 km
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3. MTSO:
e The switching office and central co-ordinating element for all cell sites, contains
~ the cellular processes and cellular switch. It interfaces with telephone company
zone offices; controls call processing and handle billing activity.
e MTSO provides coordination amongst the all sites and processor. It also performs
the functions of overall administration. It also handles call processing and billing
activities.

e The limited available power transmitted by the mobile subscriber determined the
cell size. As the subscriber moves (roams) between cells during a journey, the
communication with the base station of the departing cell ceases and
communication with the base station of the entering cell commences. This process
is known as handoff or handover.

» Each adjacent base station transmits a frequency that is different from its
neighbour. The handoff is accomplished when the received signal from the base

station is low enough to exceed a predetermined threshold. At the border between
two cells the subscriber is under the influence of two or even three base stations,
and the communication link can pass back and forth between base stations as the
moving subscriber receiver experiences a fluctuating field strength depending
upon the immediate environment such as being surrounded by tall buildings.
Hence the carrier-to-interference ratio (C/I) on its allocated channel will vary, this
is monitored by main switching center,the mobile can be instructed to hand over

-A

Cell # 1 Cell # 2 Cell#3 Cell#4 Cell#5
[ ! 1

, ) F2uil . F3 F3_1_F4 Fé_1 Fi
0 and the mavie wis ks [ By T PR P i
e a........”a E% it Handoff 1 Handoff 2 Handoff 3 Handoff 4
I i Fig. 2.1.8 Handoff mechanism
\
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3. In noise limited system when the signal strength goes below the threshold
of — 100 dBm.

4. When the signal strength is not at all reaching within the cell site. This
happens because of geographical locations and the portion where the signal is
not available is called as holes or gaps.

uld be 5. When the capacity for connecting new calls of a given cell is used up.

£ increase i wer wo §

b) Whether a simple in s table co-channel interference in other 6. When there is interference in the channels due to the different phones using
an unaccep

. Fmonﬁm%mﬁsmmﬁn-ocmn::w

. F%magaﬁggﬁnwn%mﬂmgmv&oammﬁﬁ&o

e In digital systems, both mobile

&gﬁnﬁﬁzg@ngﬁ%ﬁr&gg&m available.
continuously monitors the signals of surroung

known as mobile controlled handoff (MCHO). 3
%E%gﬁéwag%mm&mqmwnwgg
network-controlled handoff (NCHO)

terminals and base stations make measurem
and report these to fixed networks for handover decisions, it is known as mo}
assisted handoff (MAHO). It is used in GSM and IS 95.

e The handoff without interruption is called a soft handoff, it takes normally 0.

to switch over. A handoff which that is broken momentarily during call n..&%m
called hard handoff. During handoff, the information about the user stored in
%gmﬁgwggsnﬁaiv%mﬁms

the same channel in different cells.

y5 %4 Types of Handoff
e Handoff is the mechanism which transfers an ongoing call from one cell to

another cell as users are near to the coverage area of the neighbouring cell. If
handoff does not occur quickly, the Quality of Service (QoS) will degarde below
an acceptable level and the connection will be lost.

e There exists two types of handoff -

1. Handoff based on signal strength.
2. Handoff based on carrier-to-interference ratio (C/I).

e While designing the mobile system the minimum acceptable level of signal

strength is decided. For noise-limited system the signal strength is —100 dBm and
for interference limited system the threshold is — 95 dBm. When the signal level in
any situation goes below the threshold level, the hand is initiated.

e Also for an acceptable quality of voice the value of carrier-to-interference ratio is

decided within cell boundary. When the C/I ratio drops below 18 dB with cell
area, handoff initiated.

e On receipt a command to ‘handover' the mobile stores the new channel nun Sr. No. Based on SS Based on C/I
%5&&&%%«9&&%%3@m§>§\ﬂ>@ TERACTSEE = ; ;
duration time for confirmation of handoff mechanism is 50 msec. 1. Threshold level At cell boundary

b B , i) — 100 dB M in noise limited C/1=18dB

« Whenever handoff occurs communication is interrupted Eﬁ. voice nrm::mw ) In noise
muted. This interruption is usually short and unnoticed during v ii) — 95 dB M in interf s
communications. After the completion of calls these channels are reallocate | systems T :
other users. 2.  Easy implementation Not easy to implenent

FEEX] Reasons of Handoff
o Handoff is required for any of reasons.
1. The mobile unit moves out of range of a base station.
2 H%E%B:wso?.m—::oamﬁnowm_manm?mqmmmnggnracﬁ

*  Received Signal Strength (RSS) = C + I

where C — Carrier signal power

I — Interference level

i TECHNICAL PUBLICATIONS - An up thrust for knowledge
TECHNICAL PUBLICATIONS - An up thrust for knowledge



R—

ga Ermyy Rty
- ona. MR A 0 oy Ceilular Networks, Anterina & Propagation,
toﬂ!a&:b:nznni_\sirﬂgssganagn‘a!oqsoao: ﬂcn?mbaambosa.m:d:uo%i

= Assume the threshold level is — 100 dBm at cell boundary. To have a handoff here
the signal strength level should be higher than ~ 100 dBm (A).

e If signal strength is = — 100 dBm + AdB then a request for handoff will be
initiated. The value of A should not be too large or too small so that proper
handoff initiation at right time will be made.

Note
Handoff may be necessary but cannot be done at following cases
1) Mobile is at signal strength hole and not at cell boundary.

2) If the mobile is at cell boundary but no channel in the new cell is available to
make handoff

* In these cases MTSO has to take step to make handoff faster before a dropped call
occurance,
Number of handoffs

o If the call size is smaller the number of handoffs taking place will be high.
The number of handoffs for one call progress depends on the size of the cell.

z:Bwn_. om r-:nom-
2 o.N»EE_.om / S:
1 - 2 handoffs / call

FEEXA Delaying Handoff
d using a reverse voj g

rnum.vm.. innds: e In simple case of handoff we have an efficient call communication without
disturbance inspite of the moving mobile unit's status.

e There is also another handoff called as two-handoff-level that is applied to have
successive handoff of a call.

e The use of this algorithm allows two request handoffs so as to provide more
chances to have a successful handoff.

lded,
handoff decision is very carlj  [PXIXY Delayed Handoff
ision is very late, e When a base station wants to handover the call to the base station of new cell
gm;mn vﬂmonn depending on accur| where the subscriber enters, the new base station will accept it and takes call
e ATy oﬁ SRR be "determined by control. This smooth handoff is possible only if the new cell is free to take it. If
e there the cell not available (free) then the handoff will be delayed. This is known
as delayed handoff scenario.

m.n threshold level set fi
% office (MTSO) fo

wmm&oum slope v in the path®
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is shown below with a graph entg,
"

From the voice channel

Fig. 2.1.9 Two level handoff technique

Assume that the mobile unit is in a hole or a weakspot or the neighbouring cell |
#ézg.ggomég%wgsguwwmﬁgammﬁ.
¢ Consider the case 1. During first handoff level there will be successful handoff
the new signal is very strong. In case 2. the second handoff level is shown. Her
the call in progress is handed it to new cell with no restricted conditions.
When there are both handoff request and originating call request comes present
same time to MTSO, the MTSO will attend to the handoff call first. T
originating new call will be given second priority. The call will be allowed
continue smoothly il the allowed threshold level is reached, as in the graph
95«;63%55»2358&5&5«8:2&?&0@%

Fmﬁkﬁg?&ssﬁémsamﬁn then cell
ggggéommh—.gggovmmsﬁs

Ci0 tored. g R

1) If the neighbouring celi> are busy delayed handoff helps to continue the call i
progress smoothly till the new cell gets free.

2) In two-handoff-level alogorithm only after the second handoff the call will bt
dropped. Thus probability of call blocking is very less.

3) This algorithm also makes handoff to take place at correct location.

&d.nm_mongmdoﬁmﬁgmb?nmﬁg
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rMINE Forced Handoffs
* A forced handoff technique can be explained

with two different definitions

1) Forced handoff is a technique that is defined as a handoff which should not occur
but it is forced to oceur.

2) Forced handoff is a technique that is defined as a handoff that would occur
normally but it is prevented to occur.

s In forced handoff two important aspects are :
i) Controlling a handoff and i ) Creating a handoff

1) Controlling a handoff

e If handoff should occur earlier then handoff threshold level should be high. On

the otherhand if handoff should occur later the handoff threshold level should be
low.

* Depending upon these criteria a cellsite has to plan a low handoff threshold or
high handoff threshold level in the cellsite.

o ;ngw_mmigbmoann?ﬁmgﬂ:&mcnoﬁg_mﬁ_.ﬁaommnﬂﬂﬁrh:no
occur either earlier or later, after receiving a handoff request from the cell site in
the system.

Il) Creating a handoff

® The concept of creating a handoff is dependent on the cell congestion due to
mobile traffic.

e If a cell is too congested then mobile switching office decides to create handoffs.

e It informs the cellsite those that are heavily congested due to mobile traffic to
create early handoffs. If so some calls will be handed over to neighbour cells and
the congested cell will be reaching a moderate mobile traffic.

¢ Thus handoff threshold level in cell site may be high or low according to the
order of MTSO given to cellsites. Depending upon the instructions of MTSO either
earlier or delayed handoff would take place in the cell.

The advantage of this method is to have an efficient mobility management.

EXEA Power Control

* Dynamic power control is necessary in a cellular system for the following reasons :
1. The received power must be sufficiently above the background noise for
effective communication, which states the required transmitted power.
* As the mobile unit moves away from the transmitter, the received power rejects
due to normal attenuation.
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Table 2.2.1 Existing 1G anaiog cellular systems

EEXN AmPs

® Due to increasing demand of mobile users, the available channels are not enough
o accomodate new users. The solution can not be simply to assign new
frequencies as the spectrum space for new approach to mobile telephony was
needed. Hence a system called Advanced Mobile

Telephone System (AMPS) was deployed in 1983 in ‘ °
e 00080
repeaters. The cellular radio technology was more ° °

efficient and can provide high quality mobile service
to maximum subscribers.

* A total 40 MHz of spectrum bandwidth is 800 MHz
band was allocated to AMPS. The AMPS uses seven cells reuse pattern with
provisions for sectoring and cell splitting to increase capacity. There are many

Fig. 2.2.1 Cell structure
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le for coverage in a cell. -
repeaters responsib
shown i 2911 :
% BH HM are interconnected by fiber optics or microwave link to Moby,
e All the Switching Office (MTSO) or Mobile Switching Center (MSC). Ay N
.MMM@»B routed through cell center and MTSO. No mobile users are direcyy
connected.
Each i i low power frequency reuse i
ite transmitter operates at comparatively o
i ; voﬁﬁompwﬁ some &mﬁbn%ﬂ”m available bandwidth is divided amongs the cell;
i

_ E¥F] cellular Carriers and Frequencies

e Each carrier has 395 duplex voice channels and 21 control nrwbbmw to setup BF
and administer housekeeping activities like registration and paging. m..a.un voir
modulation narrowband analog FM is used with maximum frequency deviation of
12 kHz and channel spacing of 30 kHz.

e Two carriers are used known as A and B carrier. A represents bo:.ém B&e
and B is for wire line carrier. Each carriers are assigned 832 ggﬂmm. Q.@o Voice
and 42 data). A pair of frequency is used to create one channel. H~§5: fron
base to mobile is called as forward channel and transmission from mobile to basc
is called as reverse channel.

e In North American system, reverse channel transmission uses frequency in .nm:%
of 824 MHz to 849 MHz and forward channel transmission uses frequency in the
range of 869 MHz to 894 MHz.

EXXE] channel Allocation

e The control channels are used to allocate voice channels to the user. After dialling
a telephone number and then pressing send button, the phone scans all the contrl
channel frequencies for a strongest signal. The cell phone transmits its

corresponding control channel and once the call is established the cell sites assigns
it a clear voice channel.

* During conversation, the adjacent cell monitors the signal strength, when mmm:w__
strength is greater in an adjacent cell, the call is transferred to that cell. This

process is called handoff. Thus handoff requires a change in frequency for mobik
| phone.

EXXY AMPS Operation for Mobile Originated Calls

® It is a mobile to land call. If a mobile subscriber wants to make a call, there ¥
exchange of several messages over the control channels such as :
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1. Handshaking operations
2. Signaling operations
3. Service requests

e Fig. 2.2.2 shows steps involved in mobile originated calls.

Step 1:  Mobile seizes to reverse control channel (RECC).

Step 2 :  Once mobile seizes the RECC, it starts fransmitting service request message to
base station over RECC.

Step 3: On granting the service request it sends initial voice channel designation
Bmmmmmm.

Step 4 :

Base and mobile stations switched their communication to the voice channel

aa—@v

o
AAA

BN )

Step #1 : Mobile seizes the RECC

Step #2 : Mobile sends service request message

Step #3 : Base station sends control messages
Step #2 : Call information is

passed on to the MSC (Initialization parameters for call) [V
N Step #4 : bace and mobile station switch Time
to specified voice channel
Step #5 : Mobile control message (SAT) is
transmitted over the FVC by BS
=l

Step #6 : Confirmation message (SAT) is
transmitted over the RVC by MS

—

Step # 7 : Call response from
the network Step #8 : Voice conversation takes place R
sty = ——_
Step #9 : Call is terminated by either the
BS or MS-radio link is dropped

K= >

Mobile Station
(MS)

Base Transmitter
Station (BTS)

Fig. 2.2.2 AMPS mobile originated calls
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Step 5 : Both BS and MS swiich to specibed
voice channel

Step #6 ; SAT tone transmiti=d to mobile (FVC)

e et Ui GE oo | Suant NSNS

e . Step #7 : SAT tone retumed by mobie (RVC)
Step £8 - Voice conversation —

%\ e .
Base Transmitter Mobie Siation
(MS)

Station (BTS)
Fig. 2.2.3 AMPS mobile terminated cails

EEX3 AMPS Hand-off Operation
e The hand-off operations occur in a cellular system when Mobile Station (MS) to
o The hand-off operation in AMPS involves following :
1. Handshaking operations
2. Signal strength measurements
3. MSC operations during hand-off

4. Confirmation messages.
e Fig. 224 illusirates various control messages sequence of hand-off operaton m

AMPS system. (Refer Fig. 224 on next page)
® 2G standards rely on digital formats TDMA/FDD and CDMA/FDD multiple

access techniques (FDD - Frequency Division Duplexing). 2G cellular systems
provide more facilities and aftractive features than 1G systems.
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e

o
Ll

o Different 2G cellular technologies are :
Al TDMA :

1. Interim Standard - 136 (IS - 136)
2. Global System for Mobile (GSM)
3. Pacific Digital Cellular (PDC).
B] CDMA :

1. Interim Standard - 95 (CDMA - one)
e Table 2.3.1 summarizes major 2G digital cellular standards.

15-54 Joc
United States Japan
TDMA /FDD TDOMA /FDD
n/4 - DQPSK n/4 - DQPSK
869 - B94 810 - B26
B24 - 49 940 - 956
1,477 - 1A89
1429 - 1441
1,501 - 1,513
1453 - 1465

30 25

3 3

48.6 42

8 kbps B kbps

4615 40 20

Table 2.3.1 2G digital celluler standards

: CDMA/FDD

824 - B49

15-95
United
States / Asia

.\ -
869 - 894
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users share the same frequency bang by

e In TDMA system, number of yma Advantages of TDMA over FDMA

%EB‘ ; tme slots to users and slot releaseq U, 1. Digital equipment used in time division multiplexing is increasingly becoming
s A base %nn”.ﬁ% peirs cheaper.
completion of call

X : in digita Smissi i 3 : Err rrection.
during his slot. Fixed assignment @ 2. There are advantages in digital transmission techniques. Example or co

s .H—ﬁ entire band is used by the user information for transmisg, 3. Lack of inter-modulation noise means increased efficiency

predetermined order. Slot is wasted if there is no
FE¥X] Second Generation CDMA (IS-95)

e [S95 system uses Code-Division Multiple Access (CDMA) by means of Direct

tl2lalal-|n Sequence Spread-Spectrum modulation (DS-SS).
T (el W Code Division Multiple Access (CDMA) is one of the basis for many of the
A

AL _ commercial 2 G cellular systems around the world and is also used in many other
o types of communications systems, including Personal Communication System
Time (PCSs), fixed wireless (wireless local loop), Global Positioning System (GPS) and
Fig. 2.3.1 TDMA Fig. 2.3.2 TDMA frame structure the OmniTRACS satellite system for transportation logistics. CDMA is also known
ok as IS-95, which refers to original ITU IS-95 wireless Interface protocols.
FEXER Advantages ol

. CDMA system users are distinguished from each other by a code rather than by

B e i5 presen channel hence intermod; © ) :

1. At a given time only one carrier is p SRS alloted time slot as in GSM. A single physical link (channel) is 1.23 MHz wide and
distortion is eliminated.

| ¥ . typically 12 subscribers share the same link simultaneously. An important feature
2. TDMA transmission is separated in time domain. Processing of signal i of CDMA is that neighbouring cells or sectors in cells can use the same physical

domain is easier. channel.

: e bec f efficient
3. TDMA is most efficient method of transmission because o EFX] Principles of CDMA
tfransmission resources.

e CDMA systems allow many data signals to be multiplexed and transmitted over a
wireless channel at the same time and in same frequency band without
interfering with each other. It is done by deliberately spreading the spectrum

4. TDMA can accomodate a wider range of bit rates by allowing a station
allocated several slots. Thus TDMA is more flexible than FDMA.

5. No intermoduiation products (if the full transponder is occupied). occupied by user with high speed codeword unique to that user. The spectrum
: . ding is done by multiplying the user data by identifying code and
: transponder operation possible. Spreading y plymng y
iy ; % ._u .m.om. =3 e lconnection modulating a carrier with resultant waveform (spread spectrum). At the receiver
7. With a flexible w-.tmn Time Plan it will optimize capa P : original data is recovered by correlating the demodulated waveform by original
"¥EF) Disadvantages of TOMA spreading code. . | | .
1. Precise synchronization between stations is required. Transmission of every¢ * The spread spectrum technique used in CDMA is of direct sequence type. The
: must occur during exact time slot data signals to be transmitted are modified through the use of pseudo-noise code

(PN code). In time division systems, channels are separated by time slot they

2. Bit and frame timings must be maintained by TDMA. occupy but in code division systems, channels are distinguished according to

3. Requires network-wide timing synchronization. which PN code they use.

4. Analog signals must be converted to digital. e The PN codes used in a system are orthogonal means the codes should not
: : correlate among themselves nor they be time shifted version of each other.

5. Interface with analog terrestrial plants is expensive.

Therefore, each signal with a unique PN code can be detected from other signals.
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E CDMA Architecture
e CDMA architecture is shown in Fig. 2.3.3.
« CDMA interfaces are as follows.

1. A+ or A - bis : Interface between BSC and BTS (proprietary
interface depends on vendor).

2. IS + 634 : An open interface between MSC and BSC

3. ANSI - 41 : An interface with other PLMNs.

4. ISUP (ISDN user part) : Interface with user part.

5.1IS - 95 : This is an air interface between base station

substation and mobile.

PLMN

ANSI-41

| Proprietary 1S + 634
Interface A+

: 192 kbps

X (A
: 3 kbps Fig. 2.3.3 COMA architecture
~ :8KkB/s, 13kB/s FEFXY COMA Frequency Use
¢ 1.25 Mbits/s e With CDMA all the frequency band can be used in all cells. [n CDMA, an RF

channel uses carrier of 1.2288 Mb/sec with QPSK modulation. The bandwidth of a
channel is 1.25 MHz. Because of this system capacity is increased many fold.

» Spread spectrum technique used frequency diversity this is very useful in mobile
environment with multipath fading, CDMA system uses full 125 MHz BW for
voice transmission.

i Eveyism
o . - . 1.25 MHz radio carrie
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?Mﬂm&g. FEFZ3 Forward Channei / Downlink

g from osm:n“” '« The downlink (forward channel) refers to transmission from the mobile station to
.&margnaml u%mﬁmggfomoéggémﬂgg?ngu

1. Walsh codes - To differentiate users (spreading),

M_r Short PN code - To identify the cell (base station),

3. Long PN code - For data scrambling.

e Total downlink channels 64 for each carrier, out of which traffic channels are 55.
The downlink traffic channels are used for information specific to MS during a
call. It carries the control channels and user data (transmission and reception of
mﬂ@m&f&mﬂﬁﬁmﬁﬂm_b:mv.;mwmm»n:mﬁamﬂgwmwbrw\mﬂi this is spread
to a channel chip rate of 1.2288 Mchips/s using a combination of techniques.

e The forward CDMA channel comprises of pilot channel, synchronization channel,
paging channel and speech channels. The direct sequence form is created by
multiplexing these signals with different Pseudo-random Noise (PN) sequence. The
orthogonal PN sequence can be recovered without any interference. When PN
sequence are not orthogonal, there will be some mutual interference between
signals.

e The use of orthogonal PN sequence is desirable. A Walsh code PN-sequence is
used by base stations. The Walsh function conmsists of 64 orthogonal binary
sequences, each of length of 64-bits. It can provide 64 independent logical channels
for all users on forward link.

s In Walsh code, channel '0' is assigned to the pilot channel to keep mobile receivers
phase aligned with base station. Also a short code is used for synchronizing and a

: : 1 long code for encryption of voice and control data. Fig. 2.3.5 shows spreading in
n, an mbmanb:n— at base station supp CDMA voice channel.

Ncod Ermor correction
?..hs_ﬂv 9.6 kbps HV mﬂ»ﬂﬂ%@

Fig. 2.3.5 CDMA forward voice channel
e The processing gain Gy, is given by -
Gt Brg _  RFbandwidth
wwwwmmmrm:avm:aiam-

: 5 5
] & .. (s ﬂ.lﬂ\

all cells therefore CDMA i 7

& 6
sstem. In CDMA both forward ¥ _ 1.2288x10

192x105 P dPRodR
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. tted on one RF carrier then
S o e ime o sngie camer. i, 136 shows mulyles
v
CDMA channels. i

QPSK

transmitter

w, Fig. 2.3.6 Multiplexing CDMA channels
e The structure of downlink/forward channel is shown in Fig. 2.3.7.

Downlink CDMA one channel
(1.25 MHz)

<«—— DCC channels ————}+——— Traffic channels ——

Pilot | SYNC | P Paging | TcH | TCH | TCH TCH

Wo (W Wy - [Wp  fw, [Wo W] ... Wes
_ ,

2
= RN
Walsh Codes 0-63
Fig. 2.3.7 Downlink structure
IN@Nm gngl:i__:r

! * The uplink refers to transmission from base station to mobile station. The %E
frequency is built and arranged differently from downlink frequency. (45 M
below forward channel frequency). The uplink (reverse channels) are coded #*

1/3 zate convolutional PN long code. The unique MS equipment identifier is P
of this PN code. - g
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e On reverse channel, the PN codes are used as follows :
1. Walsh codes are used for modulation (not to differentiate users).

2. Short PN code is used by mobile for extra signal robustness without offset.

3. Long PN code on uplink is used to identify the mobile station (spreading).

e There are only two types of channels on reverse link, traffic channels and access
channels. The access channels are almost identical to traffic channels. The Qm:m
access channel occurs at a fixed rate of 4800 b/sec in 20 ms frames and contains
information required by the network to properly log the mobile terminal into
service.

* : Select Incorporate Incorporate I
Audio ﬂv o Hv £ Mo:mneo: walsh code |77 long code [T | short code
a 8.8 khpe 2P 2kbps 307.2 kbps 1.2288 Mbps 1.2288 Mbps Q

Short code
1.2288 Mbps

Walsh code
307.2 kbps

Long code
1.2288 Mbps

Fig. 2.3.8 CDMA reverse channel

e A truly orthogonal channels cannot be used by mobile units, as there is no pilot
channel (phase coherent). Assigning individual pilot channel to each mobile will
require much larger bandwidth. Therefore error correction code used is more
robust type. Fig. 2.3.8 shows CDMA reverse voice channel.

* In reverse CDMA channel each code have different purposes. Long code is for
distinguishing mobile, Walsh code is far decoding messages in presence of
interference. The mobile unit uses offset QPSK modulation technique.

® The uplink structure is shown in Fig. 2.3.9.

Uplink CDMA one channel
(1.23 MHz)

<—— Accesschannels ———ste— Traffic channels

-

CH| CH CHlCH|CH]| CH CH
1 2 n 1 2 3 K

PN long codes
Fig. 2.3.9 Uplink structure
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ER e The signals received with different time delays are compensated for propagation
~ times by a receiver called rake receiver shown in Fig. 2.3.10.

Direct and
reflected signars

= Delay line-1
To
——_ «| Delay line-2 .IIi@Wlloitnn

Delay line-3

Fig. 2.3.10 Rake receiver

* One of the signal is taken as base station signal and other two can be reflections
or from neighbouring cell. After every 20 ms decisions about quality are made on
frame-to-frame basis.

¢ In soft handoff two base stations communicating to a mobile simultaneously, this

avoids dropping of calls. The only disadvantage is increased load in switching
station.

* CDMA channel is not easily decodable. In order to decode a call it requires a
spread spectrum receiver and despreading code also.

¢ The chances of eavesdropping are also small. It uses private key encryption.
Therefore CDMA offers excellent security.

EEFXIN Advantages of CDMA
* The CDMA have several advantages over other 2 G systems.

1. Capacity
¢ One of major advantage of CDMA is its capacity. CDMA can accommodate more
users per MHz of bandwidth than any other system of same generation. It has 4
to 5 times capacity than capacity of GSM and 8 to 10 times capacity than capacity
of AMPS.

2, Call quality
* CDMA call quality is better with more consistent sound compared to GSM and
AMPS. The handoff features reduces call drops and less interference.
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® 3G is a cellular system that supports higher data services, advanced multimedia
égﬁ_gﬁﬁuaﬂw@gg%ig

¢ Different 3G cellular system standards include :
1. IMT 2000 and UMTS
2. CDMA 2000.
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Kl uting and Wireless Comm et —— —
| 2000 ,
EXER uMTS/NT bile Telecommunications RIS RHTL®) cupports Mgy

; rsal Mobile S data rates. .
f %a , multiple .Ooma. Bm%%ﬂ»&& data rate is 1960 Mbps, While
o The UMTS uﬁeéni.ﬁ»% rate is 384 kbps- the channels are se|
maximum circui eters are set up when the . . Up,
S ovaality of Services AOommv param ki ping the connection (circyj

nnb&mocoano:mmﬁoi

vwnwnvui#nrm&. Partnership Project (3GPP) is ‘ponsible for Writing
3rd Generation Sk
: .W.MEWMS@ the UMTS specifications. , and spectral efficie,

UMTS provides wireline voice quality, improved capac
°

UMTS AMR 1 t over EFy
i srate vocoder), an improvemen :
G s ed waﬂwﬁwuw@ m%ﬁs—%& fast power control (1500 Hz vs. 2 |y
GSM. Improv:
GSM) Q—ﬂom— the UL and the DL.

FIEEN Objectives of iMT 2000/UMTS

The main objectives of IMT 2000/ UMTS are -

to 144 kb/s. Upto 2 Mb/s rates fu

1. Full coverage and mobility for rates up
ility and limited coverage. : _.
Eo_u_EmQ different sized cells (macro, micro and pico) for indoor and ou
i “mwmww&oa with seamless handover between them.
3. High spectrum efficiency compared to existing systems.

PXEFA uMTS Architecture

UMTS i j bsystems :
stem consists of three major su
3 H.o.cmﬁ. mMvaBmE (UE) 2. Access Network 3. Core Network

o Fig. 2.4.1 shows general architecture of UMTS.

ISGSN GGSN|
RNC
HLR/
AuC
n | \;
3:6303 ZOWQG RNC L >
Nodel” Access e GMSC]
m, network

Core network

Fig. 2.4.1 UMTS architecture
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1. User Equipment (UE)

e UE can be a mobile, a fixed station, a data terminal, etc. It includes a USIM, which
contains all of a user's subscription information.

2. Access Network

e Access network includes all of the radio equipment necessary for accessing the
network.

3. Core Network
e Core network includes all of the switching and routing capability for connecting to

either the PSTN (circuit-switched calls) or to a  Packet Data Network

(packet-switched calls), for mobility and subscriber location management and for
authentication services.

Role of RNC

1. The RNC controls' multiple node B, through interface called I,;,. The associated
RNC is known as Controlling RNC (CRNC) of the node B. The CRNC performs
following functions.

a) Load and congestion control of its own cells.
b) Allocating new radio links to be established.

- One UE connected to UTRAN (UMTS: Terrestrial Radio Access Network) through
only one Serving RNC (SRNC). The SRNC performs basic RRM (Radio Resource
Management) operations such as handover decision and power control.

3. The RNC other than SRNC may be called as DRNC (Drift RNC). The DRNC

controls cells used by the mobile. One User Equipment (UE) may have zero, one or
more DRNCs.

E UMTS JBE:Q Allocations

* Frequencies allocated in Europe for UMTS is shown in Fig. 2.4.2,

Unpaired Paired

up link

SAT Unpaired Paired

downlink

1900 1920 1980 2010 2025 %\ 2170 2200

TOD \

FDD
Flg. 2.4.2 UMTS frequencies

SAT
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Em UMTS Air Interface

bands : The UMTS Terrestrial Radio Access ( (UTRA) interface was defined by the 3rd
i ] Generation Partnership Project (3GPP). It is often called WCDMA (Wideband
|
*

specified to operate in the mozosEm v

CDMA) interface.

o WCDMA has two modes of operation differing in the kind of duplex
transmission : FDD and TDD.

NHS to 2170 E.—N

e In FDD mode, UMTS operates in paired bands, whereas in TDD mode UMTS
operates in the unpaired bands. Both modes differ in their potential applications
and details of their air interfaces.

utilisation for UMTS. ZYEI UTRA FDD Mode

FEEE umTS Bandwidth
o Fig. 2.43 illustrates bandwidth

s o In the UMIS FDD mode a physical channel is determined by the carrier
Pt ‘ l frequency, the applied spreading sequence and the applied signal component (in
: the uplink, inphase and quadrature components can carry different physical
1920 19226 125 19276 ﬁnm channels).
Hz MHz :
N MHz w,w_.._.w - 0638 e In the physical layer, two types of dedicated physical channels have been defined

for uplink and downlink. They are :
1. Dedicated Physical Control Channel (DPCCH)
2. Dedicated Physical Data Channel (DPDCH).

e Physical channel is divided into 10-ms frames. The frames are further divided into
15 slots of 666.67 pus long.

= 2115 21176 2120
w\_ﬂw m,_h_w»m MHz MHz MHz e One dedicated physical control channel and up to six dedicated data channels are

UARFCN 10563 10568 assigned to each connection.
Fig. 2.4.3 UMTS bandwidth e If the number of data channels (DPDCH) is higher than one, then the
odd-numbered channels are summed, weighted and transmitted using the in-phase
sl o0 5 MHz, but this can be adjusted to opt i
- e The nominal channel %NQH—W is 10 ms frame e
performan articular deployment scenario.
S Siot0 | Slot1 _ _ Slot i _ ﬁw_a:\_
Raster )
n_.”.._.m__n hanmel raster is 200 kHz, which means that the center frequency e
integer multiple of 200 kHz.
nel Number i DPDCH Data L
i The jer frequency is designated by the UTRA Absolute Radio Fre¢
L carmer
Channel Number (UARFCN), where : DPCCH Pilot TFCt | FBI _ TPC

0.666 ms = 2560 chips
Foprer = UARFCN * 200 KHz 4

Fig. 2.4.4 Uplink dedicated physical channel structure
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. S I ubds CE DTN SIDW 11
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: @WL i it s Ea —gﬂﬂ
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Joint detection le Adva at base
tection possib . <J.ﬂn%%ﬂnn—<'_u as

s 1) 4
OVSF - Orthogonal Variable Spreading Factor
&%ﬂa M), e m_gOBEOH—

i s
i
- - g L
A TDD ° sgu? stands for S—mnvgn Code Division Multiple Access, and is the 3G
- technology that employs the Direct-Sequence Code Division Multiple Access
A/CDMA - (DS-CDMA) channel access method and the Frequency-Division Duplexing (FDD)

DD ~ method to provide high-speed and high-capacity service.
~ e Third generation (3G) wireless capability has been developed in response to a
- growing demand in data services.

p/s. . * There are several different radio access 8&50_0@8 defined within ITU, based on
; either CDMA or TDMA technology. Different regional solutions were proposed as
-~ solutions to the requirements of IMT-2000. These included Time Division Multiple
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1.

© Packet

- Packet

PR

~ Packet
b||b\-\

vA) :a.:nw:m —_—
maﬁl s WCDMA features two modes :

1) Frequency Division Duplex (FDD) : Separates users by employing both codes as
,,@gg.??ﬁ?n‘&aﬁn@g%%w&&
2) Time Division Duplex (TDD) : Separates users by employing codes, frequendies
§ »amgirﬁ&bmsﬂhﬁgwﬁmnnﬂgﬁvmuwhl%

e W-CDMA does not need base station timing synchronizati

ov.ﬁﬁUEvai&m%ggEEéganﬂﬁg&

independent data rates. This flexibility necessitates the utilization of multiple
complex waveforms for validation and test.

[PZFEN Parameters of WCDMA

Channel bandwidth : 5 MHz

Duplex mode : FDD and TDD

Spread spectrum technique : Direct spread

Chip rate : 3.84 MHz

Frame length : 10 ms (38400 chips/sec)

Slot length : 15 Slots per Frame (2560 chips/slot)

Spreading modulation : Balanced QPSK (downlink) and Dualchannel QPSK
(uplink) with complex spreading circuit.

Data modulation : QPSK (downlink) and BPSK (uplink).
Channel coding : Convolutional code, Turbo code, and no coding.

10. Spreading factors : 4-256 (uplink) and 4512 (downlink).
11. Modulation symbol rates vary from 960 K symbols/s to 15 K symbols/s

(7.5 k symbols/s) for FDD uplink(downlink).

12. Spreading (downlink) : OVSF sequences for channel separation.
13. Gold sequences 2'8_1 for cell and user separation (truncated cycle : 10 ms).
14. Spreading (uplink) : OVSF sequences for channel separation.
15. Qﬁmﬂﬁgmﬁluggﬂvﬁggaﬁsgﬂ.
FXZFEY WCDMA Channel
* Two channels of WCDMA are :

1. Forward WCDMA channel
2. Reverse WCDMA channel ”~0

= Tt
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Q&u Division ZEU&F.% is a method in which multiple users occupy the
- same and | frequency - allocations are channelized by unique assigned
Qk—ﬂn ,u@mn_n wanvm,ﬂ,&.ﬁ the receiver by using a cofrelator that accepts
~ only signal energy from the assigned Code Channel. The channels afe defined
~ with codes (PN sequences). All other signals in that frequency band contribute
only to the noise.
o Three main CDMA2000 mn:amaw are: TR P

1. cdma2000 1xRTT | =
2. cdma2000 1xEV e g 2
3. cdma2000 EV-DV

e cdma2000 1x supports both voice and dafa services over the standard 1.25 MHz
CDMA channel. The 1x in the name signifies that it uses one 1.25 MHz channel.

Due to improved modulation, power control, and overall design, it can achieve
theoretical data transfer rates of 144 Kbps.

e There are two members of cdma2000 1x EY family :

H. nJEn.Nooofmx m{omﬁag _uu..,m Om&u.:u& Ann_En me<.UOv
wdipedue | |
2. cdma2000 1x mé_cn%_ons and <ea.§§ 1x EV-DV) -

I L :
e The _&m_lmwaal 1xEV-DO m:wvonm greater than 24 Mbps of instantaneous

high-speed packet throughput per user on a CDMA channel, although the user
data rates are much lower and highly dependent on other factors.

e cdma2000 \m<.U< can offer data rates upto 144 kbps with wwo:n twice as many

voice nrmbbn_u as IS-95B. |

3 maiboo 1nn ; | ! H |
. mﬁa%@.uﬁ bits ¢ Base msaen =B5m synchronization in cdma2000 can provide mmn_.mwm& latency
and a reduced chance of dropping calls during soft handoff.

IabOt ey CICHT 46! (<21 - o Since both WCDMA and cdma2000 have been simultancously adapted for the 3G
MA. falenllrool, standard, harmonization of these two mwmnﬁa becomes necessary to make
— — - IMT-2000 deployment successful.. .« ., o ¢ oA

e To create a single Eﬁmumewa 3G CDMA w_umﬂmnmuos and process the separate
.O@E and R_Bm Nooo _unongm_m U@BW nmcm_o_vom by 3GPP and 3GPP2.

orly e
/%51 Network Components of CDMA2000
» Fig. 2.4.8 shows major components of CDMA 2000 wireless system.

et arl) gd bollovinoy anoit i) g of

ﬁs ,gnﬁafiaéos_ .
: wﬁgﬁgﬁ—m&ai myadeve add m 2200 dadie W0 i M sl nosw
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Cong,
Base Station System (BSS
Subscriber
“ devices '

RBSSs |=

tudes

Fig. 2.4.8 Components of CDMA 2000

FYEF] Network Nodes in COMA2000 i,
« Detail network nodes in a CDMA 2000 is shown in Fig. 2.4.9.

Base Station System (BSS)|
o s Subscriber
| BCS | RBSs device
PCN
GPs
MPS - IWF PDN
PPCS HLR/AC UMAMS

Fig. 2.4.9 Detail network nodes in CDMA 2000

Home Location Register/Authentication Centre (HLR/AC)

e The HLR holds the subscriber information in a database that is used by &
system. It stores the ESN, subscribers service plan etc. AC provides sect
database for authentication.

Base Station Subsystem (BSS)
* BSS consists of one BSC and all the radio base stations controlled by the BSC.
Base Station Controller (BSC)

® BSC interfaces between the MSC and the PCN, other BSS's in the system.
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e It @qoianm routing of data packets between the PCN and the RBS's, radio resource
allocation, system and timing synchronization.
Radio Base Station (RBS)

e RBS interfaces between the BSC and the SD. Its functions include CDMA decoding
and encoding of the subscriber, traffic and system overhead channels and the
CDMA radio links to and from the subscriber

PXEE] Comparison of WCDMA and CDMA2000

e < =
Sr. No. Feature WCDMA CDMA2000
1 Q:ﬂ rate 4.096 MCps 3.6864MCps
2 Forward Link  Pilot Dedicated Pilot with TDM  Common Pilot with CDM
Structure

35 Base Station Timing Asynchronous Synchronous

4 Frame F:mnr ) 10 or 20 ms optional 20 ms

57 Forward link RF channel Direct spread Direct spread or

~ structure mulbicarrier
6. Spreading factor 4.096 mcps 3.6868 mcps
7 Spreading modulation QPSK Uplink m-ary PSK
g b o downlink-QPSK

University Question.

1. What are the essential functional differences between 1% gemeration, 2™ generation and 3™
generation of networks ? Man

...AH!,:..I‘ \}
e SERCE < VORI NN R, ey ) (8|

715 Antennas

PIXHN Equivalent Circuit of Antenna

e Consider an antenna and its equivalent circuits for transmitter and receiver
(setups). Let Z5 be the antenna impedance, Z
the impedance at the transmitter end.

be the load impedance and Zt be

o At the transmitting end of antenna the power P, originates and it radiates into the
space. If an isotropic antenna source Py is used then power available in spherical
space could be measured as power/unit area. Such a power density is known as
outward flow of the energy or the poynting vector 'e', in a given surface area.

™~
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| ﬁﬂgnﬂiggésiﬁ?%

4nA
Gi= |N.N'
:m.mviﬁ.n A is the wavelength in ‘m".
The gain G is unity for a short dipole.
- 4mA _
He

~ Now substituting the value of ante P72 = : g
P we get, by ¥ o5 B §
H.v” = m) = m_.l>
et bagrrad af tlusm ol Jug

<ol ik 3
4ur? 4m (@mr)?
T
babaan ai ?..;WW.H: 1 ﬁ#:m—.w?vﬁ .

EX¥A Gain and Pattern Relationship

4741 Antenna Gain

. gg?ﬁmgggmamggﬂéég
8ain is a measure of directional capabilities and efficiency of antenna.

* Antenna gain is defined as the ratio of the radiation intensity in a given direction
to the radiation intensity by a reference (isotropic) antenna for similar power input
3%35.?%5%55??3:033?238@
gain can be calculated. Usually reference antenna is lossless isotropic source. *

X X o, 9
Antenna G@®, s — =
B e Poce / 4w

where P, is the total power nnnnm.&&w Enmpﬁaﬁ from the transmitter (watts)
and P, is radiated power density if all the dn power is radiated isotropically
(watts/metre?). N

* The power accepted by the antenna is greater than the actual ﬂ&wﬁa power
" because of reflection (mismatch) efficiency and polarization loss factor.
* Anfenna gain can be expressed interms of electric field.

e ————— — S e Lkl Oy L SIESl T S
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~ induction field of each other. They interact with each other so that the resulting

~ radiation pattern is the vector sum of individual patterns. The resulting radiation
pattern is dependent on the characteristics of individual elements and the spacing
between them. The antenna array also provides higher gain to the antenna.

o A simple and most practical array can be formed placing the radiating elements
along a line. Fig. 253 shows N isotropic radiators forming an array. All the
sources are equally spaced.

o The general field pattern of an antenna array is given as :

sin[N T -
@, § = “nINx(dcose B?q_xh_izaﬁ_sgw
element pattern

N sin [nt (d cos ¢- sinB + ] =0

where,
N represents number of elements in an array.
d represents spacing between adjacent elements in wavelength.
v represents phase difference between two adjacent elements.
0, ¢ represents radiation angles.
@mo?mﬂmggwoﬁg&%.og&
e The gain of an array can be obtained by substituting equation (252) in
equation (2.5.1).

e Usually a directional antenna emits a beam of radiation in one or more directions.
Various parts of radiation patterns are referred as Lobes.

1. Major Lobe :
o [t is the radiation lobe in the direction of maximum radiation.
2. Minor Lobe :

o These are the lobes other than major lobe. A minor lobe is radiation in undesired
direction hence it should be minimized.

3. Side Lobe :
o It is the lobe in any direction other than the major or intended lobe.
4. Back Lobe :
o It is a radiation whose axis makes an angle of approximately 180° with respect to
beam of antenna.
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Half
dipole
s ZOe 1
1 ga £ % 5
s it
2 dB
Vertical high rectional in omnidirectional
o n:ﬂwn:nm“ﬁh::.uﬁ.w 2 f&ﬂhﬂ‘rﬁn “.“hma 9dB
Fig. 2.5.4 High-gain omnidirectional antenna
|

LA al ante are dB and §

st ; % %m @mhg :@EDH mﬁ

used. Some of detailed’ design featur,

atior mﬁmmannmm& here. o iwmeod
% snmatas g&wug (5 /;T,: 1)
alten __ m. nwm_ a'e Qmﬂ:&mmnua (a) Used for 45 channels (b) Used for 90 channels
4 ﬁn A Om L i Fig. 2.5.5 Cell-site antennas used for omnicells
.:N, e : = %owv,_“w_ 7431 Abnormal Antenna Configuration
sl e »mwmmv.m <11 an g
antennas that could serve 45 n e In cellular mobile system if the number of subscribers increase there will be more
: @do.d voniM | call traffic. In particular some cells would require more channels than other cells

waddio godal adt o1s 92T o to meet the i ing call traffic. In general th icells will be ided with
hnm o .m_.ﬁ B etithe increasing o c. In gen e omni provided wi
% ENPenn o I 90 voice channels.
fheec e = hﬁ MM»D:& moﬂmﬂmﬁ 90 voice channels - six antennas (T; to Ty) have to be used.
: ; GiGBON Rt
v can receive &%b . ,M:__ . 45 voice channels - three antennas (T; to T;) have to be used.

e But though the number of transmitting antennas are more the receiving antennas
ving:antennas are only two. The complexity of having more number of transmitting antennas can
ding channel. T be reduced by using a ring combiner. For example, in this case if a ring combiner

Sanetns fo maesd capable of combining two 16 channel signals is used then it is enough to use only

three transmitters for 90 channels case instead of six transmitters and thus the
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. antennas. ) sector of 120° is capable of serving 16 channels with one transmitting and two
, fid receiving antennas, as in Fig. 2.5.7 (a).
il For bandwidth saving in cellular mobile communication frequency reuge Cong,
L) or 1 § . m e )
used. But when reuse technique of repeatedly mManMrm:Q 18 dong AL
; . cocharmel interference. A standard value of cochannel ing, T _
18 a dmr Om & R .g %OH a m.—Nﬂ gmwb. oa% 5,4 _ R
reduction factor q = D/R is applied but it sul : R I
5 A 3 ot Um mﬂbngnﬁ&. As ﬁ—dm S| !
o/ Ini{mobile environment a flat EHEC g erent terrain contour o Ry lr_R R It It R

{ moves the sigr al has to ﬂn%mm»wm nrno:m? & : N 120° sector f

. ' cochannel reduction factor is not suitable. @ 45 o—_n::o_w or (b) 60° sector (c) 120° sector for 90 channels

( : i increase in reduction fa :

: e Thus to handle the interference problem either mb . e s .ag Fig. 2.5.7 Directional antennas for different sectors

ﬁ & usage of directional antennas should be done in system design. Using dirg .

t | tennas is a better method to reduce interference. e On the otherhand if a cluster size of N = 4 pattern is used, 60° sectored cell is

an ; ]

_. considered. For omni cell systems the cluster size of N = 4 cannot be used because
=Y 1. Directional Antenna Setup ¥ o of its inadequate reuse distance. In such 60° sectored cell two different approaches
o e In cellular system using sectorization concept assume a 120° sectored cell. f, e

, : cell a 120° corner reflector can be used. Likewise in a 60° sectored nmc. a 60°y i. Both transmitting and receiving are of 60° sectors. Each sector has an antenna

ﬂ H i reflector can be used. An antenna of 120° beamwidth pattern is shy that can carry its own set of frequency channels. It is known as N = 4 cellular

, Fig. 2.5.6.

: 1 pattern. In case 333 channels with 13 channels in one sector are used then one
,“ il fx ,. transmitting and one receiving antenna are used in one sector.

E 0 ! At the receiving end two receiving antennas out of six are selected so as to

have angle diversity. It is shown in Fig 2.5.7 (b).

iii. Finally consider a 'Receiving 60°' sectored case. The 60° sector receiving
Vertcal antennas are being applied for locating mobile units and it properly hand offs
with high accuracy. The transmitting antenna systems are omnidirectional

within every cell in the area. As the previous case angle diversity is applied at
the receiver end.

Under abnormal antenna configuration if there is an increase in call traffic due to
more number of subscribers the directional antenna arrangement in Fig. 2.5.7 (c)
shown can be used. But again applying cell splitting for the smaller cell in the
system is not good. It will be more complex and also not economical. For N =7
pattern with 120° sectors, each sector should have two transmitting antennas. A 16
channel ring combiner can be used in a system with two transmitting antennas.
Fig. 2.5.6 8 dB directional antenna pattern But now-a-days 32 channels combiners are being applied for effective reception

2. Normal Antenna System Configuration and here only one transmitting antenna is enough instead of two transmitting
\ o If the cluster size N = 7 pattern then it means the 120° sectored cell. If fred” antennas (Fig. 2.5.7 (c)) in 16 channel combiner case.

reuse technique is applied in this cell then 333 channels can be used here b

,,_ (a) Azimuth pattern (b) Vertical pattern
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‘z&»r&uﬁﬂ.gﬁa&ilnﬁﬂnikﬁng.ﬁ
antennas varies with change in antenna height for both cell site and
~ Fig 258 (a). Its antenna pattern can be directed to an endfire or broadside array
e ey Y
:,.Wm&»%nﬁg&dggw&%ﬂga!qui
.%%.Nh&?vnaaamﬂgﬁﬂ?gﬂggﬂ?
) %ggggggggg%
Mmﬂggaéggama

o?wﬁgggﬁg&gggm»?%&mﬂﬁ
- summati of power outputs at baseband is equivalent to the maximal ratio
.#.uw&uiﬁ_savigﬂﬁamasﬁﬁaqauﬁiig
- available among the inputs of two antennas.
.,4_3%3359%95gsﬁ@»&.«.@wgim@_ﬁ@.

e The fading is somewhat reduced when the two fading envelopes are combined.
_ h h > height of antenna
e d " d — separation distance

o In an omnicell the two space-diversity antennas has to be aligned with the terrain
area. It should have a 'U’ shape as in Fig. 2.5.8 (e).
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i) Broadband umbrella-pattern antenna.

i) Normal umbrella-pattern antenna.
EE%E%EE&%E%

iv) Interference reduction antenna.
wu%ﬁi%”w@%%%ﬁ”ﬁwﬂmﬁgﬁ%naawgogmm»oaa,

Eww%ﬁgﬂg%waﬁv%%vwggw

shown in Fig. 2.5.9 (a)-

=025% |axs T
(J P o f
i 7 v
CE I —-‘ e f
. 2 # N
! 7k SNl Y,
— =
T \
1 I )

i
' HO.”P

e (b) Normal umbrella
(a) Single discone antenna pattern antenna

Fig. 2.5.9 Umbrella pattern antennas

ii) Normal umbrella-pattern antenna

o The energy present in confined area should be controlled and for this w
umbrella-pattern antenna (Fig. 2.5.9 (b)) can be designed, by using a monop
with top disk (top-loading) arrangement. The tilting angle of the radiation patt’
is determined by the size of the top disk used. They are inversely proportiona-

* Ifa larger disk is used as top disk, smaller will be the tilting angle of the pati”
mmmnsba.&mrmmcm&mwav&mwomﬂgovo_o\gﬁﬁmmnécm the Ht¥
angle.

iii) High-gain broadband umbrella-pattern antenna

® A vertical stacking of number of :Bv_.m__m-.wmg antennas forms a high-¢**
antennas applicable for mobile transmissions.

TECHNICAL PUBLICATIONS”- An up thrust for knowledge

Caflular Networks, Antenna & Propagation,

Mobile Computing and Wireless Communication 2-61  Modulation Tech, Spread Spectrum, Error Control
=

e If M is the number of antenna elements, ¢ is the direction of the wave travel and

'd is the spacing observed between elements then E,, for one umbrella pattern will

be
ng.nOo
Nv‘ S

mshmu .nOm@

MOH

e All the above umbrella pattern antennas are useful in increasing coverage for
wireless communication.

iv) Interference reduction antenna

o The parasitic elements can be used for antenna configurations to reduce
interferences. Here the parasitic elements are longer (1.05 times approx) than the
active element so that reduction in interference is observed.

Minimum separation of cell-site receiving antennas

e To avoid the intermodulation problems the separation distance 'd’ between two
transmitting antennas has to be minimized. In addition to this receiver
desensitization is also minimized by reducing separation distance between
transmitting and receiving antennas.

e Consider a space-diversity receiver unit where two receiving antennas are used.
The antennas are placed with minimum separation distance. There will be
near-field disturbance generation because of the close spacing and ripples formed
in the radiation patterns as shown in Fig 2.5.10.

..... Antenna M pattern
—— Antenna N pattern

P —= Power received

Fig. 2.5.10 Antenna pattern of antennas M, N
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EXEEN Roflection and Transmission

e Reflection occurs when electromagnetic wave impinges on object larger than the
wavelength A The electromagnetic wave bounces off the object. Examples : Walls,
buildings, ground.

e The electromagnetic signal is
depends on -

1. Nature of material 2. Frequency of the carrier
3. Angle of incidence 4. Nature of the surface.

e Usually transmission through an object leads to larger losses (absorption) than
reflection. Multiple reflections can result in a weak signal.

FXEFY Diffraction

» Diffraction occurs when radio wave is incident upon the edge of a sharp object.
‘Examples : Wall, roof edge, door.

e Each such object becomes a secondary source of emission. In this case, the losses
are much larger than with reflection or transmission.

o Diffraction is important in micro-cells for non-line of sight transmission i.e.
propagation into shadowed regions.

e Diffraction is not significant in indoor areas because of large losses in diffracted
signal.

‘A nl Scattering
e Scattering is caused by irregular objects comparable in size to the wavelength.

These objects scatter rays in all directions. Each scatterer acts as a source resulting
in -

attenuated by a reflection factor. Attenuation

1. Signal propagates in all directions

2. Large losses in signal strength
Building reflection

Rooftop diffraction

Line of sight path

Ground reflection
Fig. 2.6.1 Radio propagation mechanisms in an outdoor area
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o The signal strength is proportional to P, d =% where P,
. \g in meters.

is transmitted power and

@-.%BE%nﬁﬁ&u.@ﬁi%%@&sﬁnagu%mgqam
- sphere of radius d is the total radiated signal strength divided by the area of the
.ﬂxgaﬁahv g\gﬂm_&uﬁggngwﬂcﬂ.@.

» The relation between transmitted power (Py) and received power (P,) is given by :

24
WUMI = Onnnﬁhv

 where,
ey . £
G, = Transmitter antenna gain in the direction from transmitter to receiver
Gh= Receiver antenna gain
d= Uiunnn between transmitter and receiver
iy = Wavelength of carrier

[FXFE] Two-Ray Model of Mobile Environment
¢ In free space, the signal travels from the transmitter to receiver along the single

path but in realistic environment, the signal reaches the receiver through several
different paths.

o The two-ray model is shown in Fig. 2.6.3.

Fig. 2.6.3 Two-ray model

® The Line of Sight (LOS) component between base station and mobile terminal
carries the signal similar to as in free space.

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge




>uting and Wireless Commume="=" = — 0 By, M

is through the reflection off the earth's surfac,
S &_”gns based on height of base station msssswggz
travel different (hy) q

decade or 12 dB per octave.

26,23 Egvoi!w._&go___o!am:&o!m-&:a

o The received signal power (P,) is proportional to the &mﬂ.bnm ngmm: trang,
and receiver (d), raised to certain exponent o which is referred

distance-power gradient.
Mv,ﬂ = MBQIQ

where,
P, = Received power at reference distance from transmitter (usually one meter)
a = 2; for free space and
. = 4; for two-path model.
e ﬁﬁnﬁgﬁwoimnn&wmo:mawmu&o&v&mmmﬁ<ggf

10 log (P,) = 10 log (Pg) — 10 o log (d)

e The last term on right hand side of equation shows the power loss in dbs
respect to received power at one meter.

e Path loss in dB at a distance of at a distance of one meter as :
Ly = 10 logyq (P) — 10 logyg (Py)

e The total path loss in dB is given by :
—.._vure.vnon_omﬁv

where,

Ly is termed the frequency dependent component.

Parameter o is called the "path loss gradient” or exponent.

E<&§Rn§§§wnﬁwmm§§9n&§8.
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¢ Shadowing occurs when line of site is blocked. The actual received signal strength
will vary around its mean value. The shadow fading is also called as slow fading.

o The path loss equation can be modified to include this effect by adding a random
component.

_..u = §+Hon_omi&+x
where,

X is random signal with a distribution that depends on fading component.

XXX Path-Loss Models for Megacellular

e The megacellular area spans over 100s of kilometres. The mega cellular areas are
served mostly by LEO satellites.

e The path loss is usually modelled similar to free space but fading characteristics
are different.

[PZFIA Path-Loss Models for Macrocellular Areas - Okumura-Hata Model

e Empirical formula calculating the median path-loss for a quasi smooth terrain in
an urban area is -

—..v = 69.55 + 26.16 log f_ - 13.82 log by, — a(h,) + [44.9 — 6.55 log hy] log d
where,

f. in MHz : 150 < f_ < 1500 MHz

hy, in meters - base station antenna height : 30 < hy < 200 m
h,, in meters - mobile antenna height: 1 <h_ <10 m

d in kilometers - distance : 1 < d < 20 km

e The correction factor for the mobile antenna height is given by :
1. Small-medium city :

a(h,) = (1.11logf - 0.7) h — (1.56 log f. - 0.8)

2. Large city :
ath,) = 829 (log 154 hY* 11, f <200 MHz
a(h,) = 32 (log 1175 h, Y’ 497, f <400 MHz

3. For a suburban area :

f 2

L, = JE&%TT&TL &L
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For an open ared :
.—..m = .—.ﬂﬂd&uﬁ& - 478 (log

FETE patLoss Wodels for Microceular Are2®
P microcellular area spans from 100 meters to few of kilometreg, di

. M””n: upported by pase station height which is approximately eqyq :

y & |

£)? + 1833 log £ — 40.94

, \ istics are quite complex with the propagation o
affected by reflection from buil ,

FXFT] Path-Loss Models for Picocellular Indoor Areas

s The picocells are radio cells covering buildings or parts
spanning between 30 and 100 m.

tions of picocells are : WLANS, wireless PBX, PC5

Om U&Q..—mew ;m E,,

e The applica
Multifloor Attenuation Model
e Multifloor attenuation model is expressed as -
L, = Ly + nF + 10 log(d)

where,

F is signal attenuation per floor.

Ly is the path-loss at first meter.

d is distance in meters.

n is number of floors.

e Typical values for F = 10 dB and 16 dB for measurements at 900 Mh

1.7 GHz, respectively.
e Furniture objects cause shadowing approximately of 4 dB.

EXFX] Path-Loss Models for Femtocellular Area
e The femtocellular area span is between 2 and 10s of meters.

e The femtocells exist in individual residences using low power devi
applications : bluetooth, home RF. Since femiocells are usually deploye
residential areas, JTC model may apply to predict the coverage of femtor
1.8 GHz. For operation at 2.4 GHz and 5 GHz (unlicensed bands) -

TECHNICAL PUBLICATIONS™ . An up thrust for knowledge

Cellular Networks, Antenna & Propagation,

Mobile Computing and Wireless Communication 2 - 69 Modulation Tech., Spread Spectrum, Error Contro/

L, = Lo+ 10 a log(d)
where,
Lo is the path-loss at first meter.
d is distance in meters.
o is the path-loss exponent.
o Selected measurements of indoor path loss models are shown in Table 2.6.1.

1\
f. (GHz) Environment Scenario Path Loss  Path loss |
atd=1m gradient a |
(dB) |
e ot - = |
24 Indoor LOS 415 19
office 5 = —
o ENLOSs T 377 33
5.1 Meeting LOS 466 222 |
room Sl — = = |
i NLOS T 6L6 2.22 ,
@m same moo_.‘ 47 2t03 ,
NLOS and same floor s |
NLOS and room in the 4t06
Suburban : 5
5.2 e, higher floor directly
£ wvocm Tx
NLOS and room in the 6to7
higher floor not directly
above the Tx

Table 2.6.1 Path-loss models for femtocells at 2.4 GHz, 5.1 GHz and 5.2 GHz

E Effects of Multipath and Doppler

e Radio waves arrive at the receiver from different directions with different delays.
At the receiver antenna they combine via vector addition.

e Received signal level varies (10s of dBs) due to short-term (rapid) variations and
long-term (slow) variations.
® Rapid fluctuation is caused by :
1. Movement of mobile terminal toward or away from the base station
transmitter is called as Doppler.

2. Addition of signals arriving via different paths called as multipath fading.
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femtocells at 2.4 GHz, 5.1 GHz and 5.2 GHz

le 2.6.1 Path-loss models for

 Effects of Multipath and Doppler

~ * Radio waves arrive at the receiver from different directions with different delays.
At the receiver antenna they combine via vector addition.
» Received signal level varies (10s of dBs) due to short-term (rapid) variations and
- long-term (slow) variations.
- * Rapid fluctuation is caused by :
- 1. Moy of mobile terminal toward or away from the base station
? w.wagaﬂmu%mug—ﬂ.

e e
2. Addition of signals arriving via different paths called as multipath fading,

b

SRR e b

e b
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EXXA Fading

W. i seendity of received radio signal due i |
i : e Fading is defined as <nﬂm~.u05 5 n ty OF 80 \m_os fading \mmm. fading
& _,. ” - Variation in propagation ime
: ~ -90 —
| . Relative phase differences m
w - Change in frequencies = W Pl
i - Change in characteristics of propagation path with time. 2 110
Fading refers to time variation of received signal power by Chany, & 120
s S ion medium fading describes the rapid fluc’ ion of amplitude, By
or multipath delays of radio signal over a short pe! B el iy e I R s | =)
dsmqm_ma.&a&ia@a&nsiﬁa%&a,” n..n_. i OEGEITS. | 107 15 owes 28t 160
eatian isms caused fading of radio s1gT m such , Paosition (m)
e Various propaga mech scattering, attenuation and ducting ) Rt
TINE, I Fig. 2.6.4 Slow and fast fading in an urban mobile environment

refraction, reflection, diffraction, : ; :
waves. These propagation mechanisms determine amplitude, phase, polay, .
and frequency of fading. PIEXY Flat Fading

metry, attenuation, changes in transy e When fading in all frequency components of received signal fluctuate in the same

o mnngmwgnm&wwnéﬁuﬁbmmn i . i .
medium, refraction, multipath propagation, rainfall, obstacles etc. proportions simultaneously it is called as flat fading. It is also referred as
non-selective fading.
PXXRN Types of Fading FIXE Selective Fading
» Two types of fading exists in e e When different spectral ts of
3 : components of received radio signal fluctuates unequally it
1. scale / Long term fading / Slow fading ! : : gn qually
Large is called as selective fading.
2. Small scale / Short term fading / Fast fading : s
. e Selective fading is relative to the bandwidth of entire communical channel.

Non-selective fading implies that the signal bandwidth of interest is narrower than

FTYT] Large Scale Fading .
g and signal attenuation is large it is call the entire spectrum affected by fading.

. en fading duration is very lon, Y B
cale fading. The large scale fading is due to several lactors sud x .
w“,w“mhrm HM i mvﬁEom@ T dowing, trees and foliage. Such kind of fis PX¥A Modeling of Multipath Fading

usual low observed in rural areas. This slowly changing fading is referred asg e For designing a communication system, the effects of multipath fading and noise
fading. on the communication channel must be estimated. The multipath fading channel
can be divided on the basis of distribution function of the instantaneous power of

o Large scale fading can be compensated by increasing transmitter power so!
received signal can be within certain limits. the channel on the radio environment. Different types of fading multipath channel
are as follows :

YT K] Small Scale Fading 1. Additive White Gaussian Noise (AWGN) channel

o When fading duration is very small i.e. signal strength varies very fast fors 2. Log normal fading channel. 3. Rayleigh fading channel
distance, it is called as small scale fading. Small scan ?&bm u.&:% wﬁ__w B Ritian ading charme!
multipath propagation, speed of surrounding obstacles, transmission bandwi:
signal and doppler shift. EXEEE AWGN Channel
distance. This @ o In AWGN channels, the desired signal is degraded by the thermal noise associated

o The changes of amplitude is about 20 or 30 dB over a short

changing fading phenomenon is referred as fast fading : ( with the channel itself and losses in transmitter and receiver circuitry.

See Fig. 264 on’

page)-
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cases such as space commun;,
for mobile communicatio,

: w_mvnnmmn
mnmugnu_h..nwzm

ormal Fading Channe! oped to determine the path loss arc i
e propagati %,.98%&3 all characterizes the 882& signal Powg,
e L Bamo_m distance. But due to frees, foliage, raingy "
averaging Em&”ﬂ«ﬂ«.&:&%g_ggmgmﬂiﬁgaggm
: distribution function. !
characterized by log normal

PITE] Rayleigh Fading Channel
2.65.3 ich fading exists when there is multiple indirect paths between Eag
X wﬁﬁwﬂgwggggmﬁsgvvmﬁ :
¢ Rayleigh »m&-..m can be dealt by studying performance characteristics i |
%nﬁguﬁﬁ
'ETXT] Rician Fading Channel
: gwsgrﬁmommmngvw&_&s?

Rician fadi o i | n
; number of BMHMQ multipath signals. This model is mostly mvmrnmw_.m in iy
environment whereas Rayleigh fading model characterizes outdoor environme,

0 o o | T =

10
3
w
a
g
@
5 28
P 10
2
el
3
o
107°
._o..A 2 i basili®y | Bl i |
0 5 10 15 20 25 30 35
(Ep/No)(dB)

Fig. 2.6.5 Theoretical bit error rate for various fading conditions
a g o

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Cellular Networks, Antenna & Propagation,
Mobile Computing and Wireless Communication 2 - 73 Modulation Tech., Spread Spectrum, Enor Control
\\.\‘

o All the channels are characterized by a parameter 'K’ where -

Power in dominant path

e =

Power in scattered paths

i) For Rayleigh channel, numerator is zero therefore K = 0

ji) For AWGN channel, denometor is zero therefore K = o

jii) For Rician channel, with reasonably strong signal K = 4 to 16

Bit Error Rate (BER) for various fading conditions is shown in Fig. 2.6.5.
(See Fig. 2.6.5 on previous page)
[PEA Modulation Techniques

o The important reasons for choosing different encoding techniques are:
1. Digital data, digital signal

e The equipments are less complex and expensive than digital-to-analog modulation

equipment.

2. Analog data, digital signal

e This method permits use of modern digital transmission and switching
equipments. Data needs to be converted to digital form.

3. Digital data, analog signal
e Here some transmission media will only propagate analog signals. E.g., unguided
media. Needed to take advantage of existing transmission media that only allows
the transmission of analog signal.
4. Analog data, analog signal
¢ Analog data in electrical form can be transmitted easily and cheaply.
* Modulation to shift the bandwidth of baseband signal to another portion of
spectrum.
e Multiple signals on different position on the spectrum can share the same
transmission medium (frequency-division multiplexing). It can be done with voice
transmission over voice-grade lines. i

E Signal Encoding Criteria

* Signal encoding schemes can be compared on certain criteria such as :
1. Signal Spectrum - Bandwidth requirement for a given data rate

2. Clocking
3. Signal interference and Noise immunity
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cost efficient. Circuitry
modulation scheme needs to be Y, Shoy
7. Cost - The

[XJ spread Spectrum NNy

Spread Spectrum in which:
E:unu.ogmomnﬁ_%g e
P 1. The transmitted signal occupies a bandwidth which is much greater e

minimum necessary to send the information.
2. Spreading is accomplished by means of a spreading signal called a code

which is independent of the data.
3. At the receiver, de-spreading is done by correlating the received SS Signg
| i lica of the spreading signal.
a synchronized rep
For — Interference signal
Spread signal
i‘ll%b h%ngiiﬁ
Spreading code Spreading code
/ Synchronized \

Fig. 2.8.1 Spread spectrum concept

¢ Spread mﬁong (SS) is apparent in the Shannon and Hartley channelcp
theorem.

EXXE] Features of Spread Spectrum

* Following features of spread spectrum technology (whether DSSS or FHSS):
1. Simplified multiple access : No requirement for coordination among users
2. Selective addressing capability if each station has a unique cif ,_
sequence-provides authentication : Alternatively, a common code __a,
perform the CDMA function adequately since the probability of
happening to be in synch is approximately 1/n;
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3. Relative securily from eavesdroppers : The
fast direct sequence modulation by the pse
difficult;

4. Interference rejection

low spread power and relatively
udorandom code make detection

¢ The spread Spectrum receiver treats the other DSSS
signals as thermal noise and suppresses narrowband interference

% Advantages of Spread Spectrum

Low power spectral density.

Privacy due to unknown random codes.

Random access possibilities.

Good anti-jam performance.

Reduced crosstalk interference.

Better voice quality/data integrity and less static naise.

Lowered susceptibility to multipath fading : Applying spread spectrum implies
the reduction of multi-path effects.

Inherent security.

D

=

Co-existence.

¥

10. Synchronization between stations in the system is not required (unlike TDMA,
where synchronization is a critical feature of the system). This means that a
station can access the system at any time.

11. Longer operating distances.
12. Hard to detect.
13. Hard to intercept or demodulate.

g Direct Sequence Spread Spectrum (DS/SS)

In SS system the signal spreading code is the so-called Pseudo-Noise (PN)
sequence, which is generally periodic and consists of periodic coded sequence
correlation properties.

These signals are pseudorandom as they appear to be unpredictable to an
outsider, though they can be generated by deterministic means by the person for
whom they are intended.

The polar signal c(t) representing this binary sequence is the pseudo-random
carrier that is used to multiply the message signal m(t).

Signal c(t) is a pseudorandom signal as it appears to be unpredictable though it
can be generated by deterministic means (hence pseudorandom).
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Fig. 2.8.2 shows the generator © o — o
i ; mit) e \ L] 2) signal Spec .
. Emns_.. g e 27 B much higher _ﬁ & ip _.mnm. = wn.c_.a\w_mn and message symbol rate = Ry, bits/sec.
iy A | than the bit rate of m(t)- .“ The processing gain is given as
i basic pulse in c(t) is known as chip o it iR
Bl L ok . ; i as chip rate Transmitter Interference Ry, ;
R and the bit rate of c(t) is known
A5 5
o 1 Fig. 2.8.2 DSISS generator or N T.
| el ..HM where T, is chip width.
_ -
“ i where T is chip width. . v 3
‘ , e The autocorrelation function Y (f) of c(t) is very narrow. i
| : Modulat
L remsem s aneS o BN | o ﬁ
! , .,. v _l 5 = L—L-L—L—L
“ . v A Incoming spread bit stream 7 Skt Tl
, 4_ Y ,

| j! Modulator ﬂ_ :_AT_A 1
& t

L_L—L _H_. -1 111 E AT 1 3
4 - Outgoing spread bit stream NR by \.& Tn_ __I_IL E 7“_ E\ _
Incoming bit stream R, bps Incoming bit stream
v

multiplied by a synchronized Despreadi
copy of the PN sequence preading PN sequence

: A_._ _I_. . ﬂ__ E L Fig. 2.8.5 De-spreading signal
s i W

» The Power Spectral Density (PSD) is given by
7 7 =, -2 9Ty - :
mm_un,smo.iasg ing PN sequence NR, bps Sh AEV = T sinc hqu For input signal (A)
the PN sequence
T
Sy(0) =T mgnwhfu For output signal (B
Fig. 2.8.3 Principle of Direct Sequence Spread Spectrum : i 2 )
1) Detection | : n * The PSD of input signal m(t) and output signal of DS/SS y(t) is shown in the
e At the receiver for detection a synchronous pseudorandom sequence c(t) similurt Fig. 2.8.6. Since the PSD bandwidth is directly proportional to bit rate, the PSD of
transmitter is used. y(t) is N times wider than PSD of m(t).
The received DS/SS signal y(t) is multiplied by c(t) to recover desired signal m(t.
¥ et) = m(t) ()
= m(Y) M) =1 T
Fig. 2.8.4 shows DS/SS receiver. vt 'NA L .
® A LPF is basically an integrator. The
receiver performs the correlation incoming c(t)
signal m(t) c(t) and locally generated c(t). Fig. 2.8.6 PSDs of the input and th ut signals of a D
v Fig, 2.8.4 DSISS el a. 2.8. of the input and the output signals of a DS/SS system
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: = ; tions are same. This indicates that pgp o o
¥ _w o The power of nﬁcﬁh» o io:ﬁs S: un factor N (processing M&E. In other vy, &.M . 5, Hiding of signal :
L B R pbotasgna by . The DS/SS signal spectrum is spread over a wide band, the signal PSD is. very
¢ ﬁ i % *WJ mﬁnglh—m p small. Hence it is easy to hide the signal within the noise fioor.
a0 . d of DS/SS Signal amming resistance :
, 4 w E b!uﬁllu_vg e is T, therefore data rate is % The s sl v :
| , Lﬂ_wm W T i of information ignal : ] 1 Pecty The DS/SS MMM-E%REB power is distributed over a wide band, hence these
b : . technique is approximately o Fig 287 4 Bipnals ore t to jam. Because of spectral spreading PSD of jamming signal
| of signal, depending on encoding q i 2 > (interference) decreases by factor N.
} ; technique. x
(i 4 achieved by &Mﬁ sequence ; qu . While PSD of signal m(t) becomes stronger because of despreading.
o The spectrum of PN sign al is T The resulting spectrum Oy 4, Multiple access (several users on same band) :

Fig. 287 (c) Several users can utilize the same band with better signal to noise ratio.
5. Advantages of CDMA :

The DS/SS supports greater capacity of communication channels. Several users can
occupy irrespective of separation distance between them. Since each user has a
unique spreading codes. This features allows CodeDivision Multiple Access
(CDMA).

6. Resistance to multipath fading :

4o 1

T T o The signal received due to reflection is a delayed version of original DS/SS signal
(a) Spectrum of data signa

(interfering signal). Because DS/SS signal has a unique feature of low auto
co-relation with its delayed version ie. interfering signal will not be despread by
c(t). Alternatively this minimizes the effect of multipath signals (mulfipath
immunity).

7. Near-far problem :

The DS/SS suffers from the near-far problem. The near-far problem occurs because
of unequal received power by the user.

When an unwanted signal strength is more because of its proximity of its
transmitter to the receiver and the desired signal strength is weak. In such
situation the desired signal may be suppressed. This problem can be eliminated by
f making all the codes orthogonal but it is difficult to make large number of codes
~«++7) 0 ++|4._4, orthogonal.
(c) Spectrum of combined signal

ol

EXEEY Advantages of DS/SS
1. DS/SS system has best noise and antijam performance.
E Features of DS/SS 2. Unidentified receivers find it most difficult to detect direct sequence signals.
1. Secure! communication’s 3. DS/SS has best discrimination against multipath signals.
In DS/SS, the signal can be detected at the receiver if the pseudorandom codé
at transmitter is known. This prevents unauthorized access of signal.

Fig. 2.8.7 Approximate spectrum of direct sequence spread spectrum signal
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Ty
2 DSISS :
ﬂmw“&!% s Jo.in_m__ snd channel with small phase distortion
2. DS/SS has longer acquisition m”h.ﬁ“— erate sequence at high rates.
3. The pseudo noise generator should gen
(FHISS)

FXX] Frequency Hopping Spread Spectrum

scheme an FSK
ing Spread Spectrum (FH/SS) . Signy)
e In mno““ﬁ”ﬂbﬁ“ﬂﬂ.:m P of FSK signal is shifted by pseudonois, ASM

FSK

e BEE | demodulator miy
Qutpy
FH spreader
Frequency | PN
synthesizer code
Transmitter Receiver

Fig. 2.8.8 FH/SS system

e The FSK output frequency is @; and synthesizer frequency is @y The output
mixer contain (@, + @) and (0, - ). The BPF passes (W, + o) frequey,
components. The signal is now transmitted by pulses whose frequencies hop o
a wide range of frequencies according to PN code. The BW of FH/SS signl i
much more than FSK signal.

e The FH/SS receiver an identical PN code is synchronized with the received sig
shifts the frequencies back to original FSK frequencies. These frequencies can b
demodulated.

* There exists two conditions depending on frequency hopping rate R, and symi
rate Ry.
i) When Ry <Ry

the scheme is called as Slow Frequency Hopping (SFH).
i) If R, > R,

?Sw%&n&gmogg.
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Eﬁ Advantages of FH/SS

1. The systems bandwidth of FH/sS is very large.
2. It can be programmed to avoid some portions of spectrum A,Y
. A
_ It has relatively short acquisition time. S 2 s
3 me C/,m/x 0 - o0\

4. It has less distance effect. Fp N\ o

[ETEF] Disadvantages of FHISS \ L
: o a5
(Y55 system s complex feqncy sy S S

2 J¥ not useful for range and range rate measurement.
Wﬁ\n@&&n@m error correction. y
PEXE Advantages of FHISS over DSISs ——
1. FH/SS can produce signals of much wider BW as compared to DS/SS.
2. The processing gain of FH/SS is much higher than DS/SS.
3. FH/SS is less susceptible to near-far problems than DS/SS.

4. Problems of relative power levels of co-channel signals are not critical in FH/SS as

compared to DS/SS. .
ok ~

SN

Px Y8 Comparison of DS/SS and FH/SS

Sr No. Parameter DS/SS FH/SS
ik Definition PN sequence of large Data bits are
BW is multiplied with transmitied in different
? narrowband data frequency slots which
signal. are changed by PN
1 T S . sequence.
2. Signal spectrum Data sequence is Data sequence is
el e spread over entire BW~ spread over small
of spread spectrum frequency slots of the
i signal. - spread spectrum signal.
3 Chip rate R_ Chip rate is fixed. It is ip rate is maximum
A%jﬂmﬂ PN ~of hop rate or symbol
sequence occurs TREL
E 1 R_ = max (
Ro= R, R9
T
4  Modulation e B Man IS
5. Processing gai o lpons PG =2
SIS 101,_.a|2 t is bits in PN sequence
6. \‘WR& of distance It is distance relative. Effect of distance is
e ——— T —————TT mm.
7 Acquisition time Long Short
ill'lr I — ———
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Evez) img 8\% EW users %ﬂ gﬁﬁu %&m&ggﬂwﬂ ﬁwﬂm Qwﬁsm n_.&.i ) d—h m—-“m#-”u%—nwnumnu\msm O<Q~ﬂ _NNN.”T”NEC(J&; are VOJMWU_@ AOBUDHK to UN&A& mﬂuawﬁ
. . 2 : i a pseudo-no; obtain system. £ f ;
bandwidth. Each transmitter receiver P P by Telore, processing gain is higher compared to

- iter are received by DS/SS. Due to these facts the capaci £ SR aad
FEi® kS of.a ﬁm&ﬂh:_nn transmi o= : o : : Pacty of CDMA system using FH/SS is incn

i sequence. E Em?&»mu y sers are transmitting simul and hence more information rates are possible.

. intended receiver only: mas.uemw muaq:au Multiple Access (SSMA).

' The advantage of CDMA s that
. mun.n_nw—nn“..— if their Mwm& are for short duration. It is desirable 5&; '3, What is DSSS ? Explain CDMA chip s ik 5
sequences be mutually orthogonal. 4. Explain : Spread spectrum.
G 5. Explain in detail direct Sequence Spread Spectrum (DSSS).

o0 | 6. Explain in detail Direct Sequence Spread Spectrum (DSSS). FSitEE T Y T3 7 " ]
4,0 . Noise T
1 : NN /_/' X Coding and Error Control GTU : Summer-13
costy)  cl® » In all data networks, there is a certain possibility that reception of a bit stream is
/_\ /*\ altered by errors. Coding techniques aim to provide resistance to such errors by

S0 5 440 adding redundant bits to the fransmitted bit stream so that the receiver can either
detect and ask for a retransmission, or MSB LSB
. correct the faulty reception.

coRBED ) i)  cos@nty [P lws]es]aa]as] 2] at1]a0

 Error correction is the process of detecting

; ; k 7 Data bits
errors  in  transmitted messages and :
4500 \ reconstructing the original errorfree data. "3
Error correction ensures that corrected and Fig. 2.9.1
error-free messages are obtained at the
cos@rf) i) receiver side.
Fig. 2.8.9 CDMA with DS/SS system —— X . s Ll :
® The process of adding this redundant information is known as channel coding, or
FXX3 cDMA with FH/SS Forward Error Correction (FEC). The error handling task is done by channel
e In CDMA with FH/SS, the transmitter-receiver pair uses a distinct pseudo-rando i Easors line coding
frequency hoping pattern. Therefore, the communication channel can be shared b} EXXN Error Detection
multiple users simultaneously. The frequency hopping pattern for eve]
transmitter-receiver pair is unique. E Parity Check
o - i the
e The CDMA FH/SS - o ® To detect and correct the errors, additional bits are added to the data bits at
\. e nmb be used for mobile users. Because timing e i issi itional bits are called parity bits. The scheme is to
does not affect this system, but it can affect DS/SS syst time of transmission. The additio P
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. The data bits a]
: { £ of data along .
%QNEQEQSE.WQ&\Q\PERW‘ Jf_
parity bits form a code word

Checking of Error Detection . : .
e ey s oD S5 e My
o It is the simp ati bit and the remaining 7 bits are used 5 . ¢
8 bits word is used as the 4,

: . umnmnioanmb g&?ﬂ@mﬁ ?5,.
. The parity of bits transmitied word GaB Be STEF Ve puy
Eﬁ&wmoﬂwu.m .
ﬁﬂmﬂ : Even parity means the number of 1's in t given word inclyg;, .
parity bit should be even (24,6,----)- : . |
0dd parity : Odd parity means the number of 1's in the given word incly, iy,
parity bit should be odd (1,35,-)-
o
PXEF] Cyclic Redundancy Check

« Cydlic Redundancy-Check ﬁwgn&mmmnmmroamb& Enﬁnneamm?;
widely used for error detection on digital communication links and data Storag,

ed for error detect
e A CRC is an example of a block code, but it can operate on .w_on#m ow&q %
Given a message block of size k bits, it produces a compact digest of size 1
~ where r is a constant (typically between 8 and 32 bits in real wuwﬁmmgmbgmoé
.l..,lnomn”wnn Fm..wl.ﬂ m =in bits constitute 2 code word. Every valid code word p,
.;nﬂ.ﬁ? minimum EmBu.:bm distance from every.other valid code word to &,
error detection.
« A CRC is an example of a polynomial code as well as an example of a cyclic i
The idea in a polynomial code is o represent every code yq
W =W, WnoWn3.-Woasa polynomial of degree n =1 That is, we write
-1 e
wix) = Y wWix
=0

For example, the code word 11000101 may be represented as the polynos

X7 +X8+X2+1 e

e The term code poiynomial to refer to the polynomial corresponding to 2 @
word.

e The key idea in a CRC (and, indeed, in any cyclic code) is to ensure that e

valid code polynomial is a multiple of a generator polynomial, g(x).

TECHNICAL PUBLICATIONS™. An up thrust for knowiedas

puting and Wireless Communication 5 85

Cellutar Networks, Antsnna & Propagation,
Modulation Tech., Spresd Spectrum, Error Control

\
gxample 1
Sender 3
I Receiver
I
T v’: i —II 11
101 ) 11001 ;
e ; 101) 1100710
"7110| |Databits m _101g )]
__1o1y. ; ] Data bits + CRC
1 =Nt
101 5
= o

SCCICF RS Consider a (7, 4) cyclic code for encoding a data block m = [1010]. To find the
generator polynomial g(x) for an (n, k ) = (7, 4) code, we first factorize the polynomial
x + 1 and find the factor with degreen —k =3 .

Solution :

Ax.u +x2 +1)

g(x)
To encode the data block m

[1010], we multiply its
2 + 1 with g(x)
m(x) g(x)

Axw +xXxw +x2 +1)

corrsponding polynomial m (x)
o(x)

Il

6

X +Xm+X+

+X

Thus the data block is encode to the codeword
¢ = [1110010]
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m bits per symbol
n = 2% -1 symbois = m2™ - 1)bits
k symbol
n-k = 2 symbols = m (29 bits
__________ distance ; dpin = 20+ 1 symbols

gﬁgagggggglg
.wmgnvggﬁagggB%vE

s >§é§3?§§3&33§%§ 2
= ﬁgﬁgmg&d&crgvn&uaﬁn(g:mgaggmﬁgmﬁ
gnvig»iﬁﬁnﬂggglﬁﬂn&ﬂfgsg
losn&&.wwo&nr

Ql’ Egsiﬁsgﬂaﬁvﬁﬂgsﬁn&ﬂinmﬁnvvgsg
- large set of input symbols. One famous practical application of RS codes is the
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1 refers to a ae of Prix

<edures used o ‘
e can send bef waiting for s —.ﬂawﬁ the amount of data that

gments. When the transmitter either receiv
, acknowledgment or timeout happens before un_nﬁﬂ_ma«ug. M
i resend the message.

rt Questions and Answers

telecommunication traffic.

ecommunication system, traffic is defined as the occupancy of the server in
.ﬂ&ﬂmﬁmgo%&gmmnqﬁqaomgni&ngﬁmﬁgﬁ
EﬁmwmnmwmQm?&%?@:ﬁ&ﬁ&%vﬂgnvogagmﬁvﬂm%
mm%.?mmonmbzzw?ﬁ?&!izgﬁagnmzmvﬁzm%wcm%

t is multi-path fading ? Explain.

. In wireless communications, fading is the deviation of the signal attenuation
a certain propagation media. Discoloration may vary with time, the
al position or frequency of the radio, which is often modeled as a random
fading channel is a communication channel experiencing fading. In wireless
ding can be due to multipath, called multi-path fading.

What is spread spectrum technique ?

Spread spectrum is a form of wireless communications in which the frequency
 transmitted signal is deliberately varied. This results in a much greater
th than the signal would have, if its frequency were not varied. In oﬁm_.
the transmitted signal bandwidth is greater than the minimal information
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System Operations and standards - Cordless Systems, Wireless Local Loop, WiMAX and
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6 Broadband Wireless Access Standards, Mobile IP and Wireless Application Protocol
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and b Communication 3.4 Multiple Access Syster,
GSM, GPRS and Wirsless Standards

-1 assigned a carrier f; for each direct; ]
iploy continuous transmission. direction (uplink and downlink). A user

user's info) is modulated usin i
g the assi
d to keep track of frequency shifts, g

Frequency

carrier. Analog circuitry (VCO)

| 7

Frequency

' Total bandwidth i

Fig. 3.1.2 FDMA bandwidth structure
of FDMA system :
t channel interference (specifically reverse channel).

and reverse (Mobile statio;

that are sufficiently separn
- problem is a concern specially on reverse link. Carriers belonging to one

re not adjacent.
1 bands - Reduces overall spectral efficiency.

vantages of FDMA

ing well established technology.
‘No need for network timing.

J: striction regarding the type of baseband or the type of modulation.

modulation noise in the transponder leads to interference with other
tellite capacity reduction.
2. Lack of flexibility in channel allocation.

Iing

Ew.g up-link power control to maintain quality.

of operation: >==.¢%_“.A

P Weak carrier tend to be suppressed.
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jand frame Smings must be maintained by Trma
, ,.. gy must be converted i
griace with aalog, terrestrial .
s plants s expersive.
of TOMA over FDMA
L
il gt M tme division multipleang » ncresingly becooung

u-. advantages in digital transmussion techniques. Example  rror correction.
ck of inter-modulation nowse means mcreased efficency

. {y.,dzios Multiple Access (CDMA) is also clled as spread spectrum
communication. The term “spread spectrum” refers to the expansion of signal
bandwidth, by of magnitude n some cases, wiuch occurs when 2
key is attached to the communication chanmel

(as in FDMA), nor by their tme siot assigmment (as m TDMA), but by

a characterist, ganigw%ﬁlgi Thic featr

as allowed CDMA to gan attenbon in comumercial sateilite commun <3t n.

was adopted in celluiar mobie teiephone as an tneTterence-toderant

w.'.;:_ ication technology that mcreases capacity above analog systems.

All concerned earth sutons smmoitanecusly share the ame bamawdin and

,_‘:.,.,,,m.,.,:. ze the signals by vanous provesses such as code sevil adon.

' The two most common CDMA techniques are |

Ngﬂgmﬂd&gg%%gg

= L " modulation, which s the dominant technigue

SR Brequency Hopping Spresd Spectrum (FEES)

S .%%w;ﬁggggggﬁngg

1 4 2 .i,v T dth or data rate These special “Spreading” codes are called "Pseudo
o ,_:,,‘.W, dom” or "Pseudo Noise™ codes. They are called "Pseudo” because they are not




2 Un%_.mmuw& of the
: g

3, Tracking the spT¢ :
i Unaom&wmon of the
5 Timing and bit detection;
6. Forward error correction

. The first three functions ar¢
and other signals.

i it timi d detection, and FEC
The processes demodulation, pit timing an RS
! &.ME §&<MM regardless of the multiple access method.
a y

Features of Spread Spectrum
E Y iiceds oBEprea d spectrum technology (whether DSSS or mmmmv ”
i woﬁm multiple access : No requirement for coordination aMONg yser,

: ability if each station has a unique

pasic data stream;

|
|
|
i
|4
B
i)
i
i)
i
i 8
!

to reduce the effective error rate;
needed to extract the signal from the Clutte .
%

Eama b

Selective addressing Cap :
2. e thentication : Alternatively, a common code swwnm

¥ rovides au
ﬂ une.nso.ﬂs CDMA function adequately since the probability of Staty
happeing fo be in synch is approximately 1/m;
3. Relative security from eavesdroppers : The low spread power and reljy
i modulation by the pseudorandom code make dete,

difficult;
f 4 Interference rejection : The spread-spectrum receiver treats the other xy
= signals as thermal noise and suppresses narrowband interference.

[EEEE] Advantages of Spread Spectrum
L. Low power spectral density.
2. Privacy due to unknown random codes.
3. Random access possibilities.
4. Good anti-jam performance.
5. Reduced crosstalk interference.
| 6. Better voice quality/data integrity and less static noise.

7 _...Osmn& Q—anﬂ_m ._.:w to B:_h—m_. ath mﬂ&nﬂ . 5 :&3
red : App trum imp
uction of multi-path effects. EREE g ispread spec

8. gg.
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e

10, Synchronization between stations in g,
where m%unrnoémo: i8 a critical featyre
can access the system at any time,

=7 Multiple Access System,
GSM, GPRS and Wirsless Standards

11, Longer operating distances.
12, Hard to detect.
13. Hard to intercept or demodulate,

% Space Division Multiple Access (Spm A)

e n WUE\ there is control for radiated energy for each user which are served
using spot beam antennas.

o Spot beams may use same frequency (as in TDMA or CDMA) or different
frequencies (as in

FDMA). Two types of

antenna  systems  are

employed.

1. Sectorized antenna is
one primitive form of

SDMA.
2. Adaptive antenna Beam 2 Beam 3
array  uses  steer Beam 1
multiple beams (one Q ﬂ“@
for each user). It is ﬂw_ — MS,
MS, BS

best suited for TDMA
or CDMA systems.
e SDMA implementation is
difficult for reverse link. It requires coordination of power levels. Also, huge
power required to form beams.

Fig. 3.1.5 Basic structure of SDMA system

E Orthogonal Frequency Division Multiplexing (OFDM)

EXEXN Problems Associated with TOMA, CDMA and FDMA
i) At high data rate, the symbol duration T becomes very small and the required
system bandwidth becomes very large.
i) If the symbol duration becomes vary small in TDMA, then the impulse response
becomes very long. Hence computational effort increases.

iii)) CDMA requires Rake receiver in addition to an equalizer.

i e
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S and Wirleg o .
@N” fireless Communication 3-9 Multiple Access Syster,
: - GSM, GPRS and Wireless Standards

: e _uoE.ﬁmxH Mzm”; QM.H..W traffic, the voice waveform being digitally
e mission is d ithi
RMEL: andi 1900 1S done within frequency bands of

I d ﬁpnrm" &e
FDM in which
s orthog ss_q_ %3 service allows to send and receive 126 character text messages.

e same phone in different networks,

ymbol that :.5%

ta transmission and reception across GSM netw ks
P , etworks at 9600 bps speed.

ion and reception across GSM networks at 9600 bps.
g, call on hold, conference facility
tup.

m of
wireless standarg

iber capacity in the given spectrum.
e by mobile subscripy,
: nversions that cannot be tapped.
GTU AA.,..iu 'z M

by mobile subscriver

er Identification Presentation (CLIP).
ne call costs.

; - er Group - Allows a set of phaies to be classed as PBX extensions
Sutinges- 14, M il

how it works in the CONy QR vided by GSM

services or Data servine:
y of data services can be offered by GSM.
users can send and receive data at rate upto 9600 bps.

to users on POTS (Plain Old Telephone Service), ISDN, Packet Switched

Data Networks and Circuit Switched Networks using a variety of access

s and protocols such as x.25 and x.32.

GSM is a digital network, a modem is not required between the users and
work, although an audio modem is required inside the GSM network to

rwork with POTS.
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~cell broadcasy Mode
: 5} 7 i i 935 - 960 MHz
y . DATA s
i ,gn—urgv.. As wig T ¢ R P e
nd transmitted 93:9 “ -
9 Ouraion 578 92 45
e ﬂHﬁWﬂﬁvfﬂﬂj W,
ST Start bis =
lety issi 3 S : Stealing
SOt transmission, SR G Gusnt b
g b T . Training bits
Al i W 224
or 783 - —.ll
J:t : 3 _M__ A _
j\ ME ._.w.‘ ................. - » TS | 3Timesos
£ ,n*-m ._e.,
- 48150 1M

by 3 ;—mNmsmNg ....uvA ................. duu o =

cach 200k apr .
Lml..
gmw%dqﬂ.wm link) 4 o 120ms
Agwa link) : S Slow associated control channel frame
:w:n reverse) which are 1 Idle frame
1 a “subscribers in TDMA s« -
: missions on both forwaii w ] e et ot o ) S,
.833 kbps, using BT = 030 | i Musiames
% ps and effective &= T
mbﬂummg;:nsﬁl_s e 8.1230c
m 825 bits are used fUF 0 1 o e | 2 | s
s to ngn overlap with ¥ i :
47
._,.r - 30 28 min S4sec ——
ey 3 Porty frame (Speech dedicated control channel frame)
ot ). ,Fa.ﬂ._.t.x.
2 Reverse channel frequency 095 MHE -
r,,. = T« ~eniCA: SUBLICATIONS - An up thrust for knowlscge




shscrit Idenfity (IMSI) used to ideniify the subsciber o the System, a secet
for authenticaion and other miormation The IMH and IMSI are
thereby allowmg personal mobisty. The SIM may be proteced

et emanthorized use by a password or Personal kdentity Number (FIN)

B0 B0 W, and power saving techniques are used on the air interface to exsend




nt of signalling protocol. -
on of appropriate registers (VLR/HLE) o_.

‘,“..nguggﬁﬁéggﬂgg
e HLR database Bmigggggagaq
,gggwaﬁgﬁgdﬂgi?guﬂgm

BT — ‘ N -provides ..H‘. ioj ..:.._ ,,.‘ : e < T
: . 4 in_the form o;sm_%&&ﬁ&?ﬁgﬁ with the

T Q..‘.iwégﬁgpgﬂrﬁgnnﬁmvmﬁﬁgﬁmﬁ
Mmod ,,: g ; _._,DT.\..a &Bﬁvﬂ@@» _ T

-ation Register (VLR)
cation Center (AuC)

orks (PSTN or ISDN)® tional Mobile Subscriber Identity (IMSI) o~
ent functions such as ,j
se services are_provide |

Yo
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‘Wireloss Communication

3= 17 Multiple Accass System,
OSM, GPRS and Wireless Standards
nter (AuC)

o o database that sores a copy of the

anpel. e 18 used for authenfication

; ~e
management (charging and billing etc.). 7

ipment management, 7

emergency occurs at a base station, the OSS_can determine where the BTS is
what type of failure occurred and what

of fai equipment the site engineer will

ontains a Jist 0mm=<,1 .
Q 1. ferent types of interfaces are used in GSM systems for interconnecting its

2. Abis interface 3. A interface

ﬁnﬁ.

These are
e vrwmmnm_

interface allows the interconnection betw. :
y connected by dedicated/leased lines or microwave links.
F of A interface is a 2 Mbps CCITT digital connection.

—
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R. It uses ﬁwzz

o . of szmgns

It uses the MAP/F protocl
nfirm the status of the IME

face can be found between
" the MSC and the
1 are relayed transparenis, g : m&ﬂ% Messages exchanged
wwwgaﬁnﬂﬂeﬂmgim@uh}
ko - s
e | R : VLR
By Abis F S
- ' '
S Ay
‘ E
1 (]
\.‘L 1 §
5 :
7 =
5 - =w
i
i Fig. 3.2.4 GSM Interface

W_ru:w::u Protocol Architecture

S communicates with MSC for providing system connection, mobility and
‘Wm,wEQOmu model : The OSI model views the communications between
ion processes as being partitioned into selfcontained layers that contain
can be implemented independently of tasks in other layers. A message sent
0 network nodes travels downward in the protocol stack of the sending
ne message propagates through the layer information is added to the original
each layer. After transmission to the receiving network node, the message
 upward through the receiving node protocol stack.
ling model for GSM system is shown in Fig. 3.2.5.

. B&eroimgoﬁvgwigmﬁ&gﬁﬂmz
aces and at the OSI levels. The MSC communicates with the various
or k connected to PSTN using various protocols.

@mz signaling protocol stack consists of three layers.

ysical layer (Layer - 1)

) }..;a.ﬂ_wﬁx layer (Layer - 2)
twork or Messaging layer (Layer - 3)

e TECHNICAL PUBLICATIONS ™~ An up thrust for knowledge




Of messaging layer
nd terminate a mobile * TSponsble for protocols o establish,
“MIMAMication session,
&unmn?aﬁﬂmasgn_?@nﬁiisswﬁﬁ
type irfrmaann miormghon
Fig- 327 Message format
d divides the messages into sublayers 2
e Management (RRM)
ion Management (M)

mmuvoznmcwmnlwmn Q@mnﬁwﬂﬁggaﬁﬁg
Sﬁgngmgg\ggwsgﬂ&ﬁ&s
confidentiality of fixed identities.

basically three numbers that identify the mobile subscriber; these are
-ISDN, and the TMSI, which is a temporary identification number that is
by the serving MSC/VLR combination.

mainly used for security reasons to avoid broadcasting the IMSI over
interface, thereby making it harder for eavesdroppers. The TMSI is
be changed on a perall basis as recommended by GSM specific

ice Identification
ile Subscriber Device (SD) can have different identification system
on the type of networks such as TDMA, CDMA and GSM.
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NMSI
IMSI : Not more than 15 digits

wobile station is registered Fig. 3.2.9 IMSI ber
. 5 num

Qnmmn_phumgwrgz.?. ,,.f gﬁﬁo&@n?ﬁoﬁmga Egm@govmmmﬂmﬁﬁw_zw.&mwm
] 5 : networks.

twork Code (MNC) uniquely identifies the home GSM PLMN of the
criber. It consists of 3 digits.
tion Identification Number (MSIN) uniquely identifies the mobile
r within a GSM PLMN. The first 3 digits identify the logical HLR-ID of
D le subscriber.
Mobile Station Identity (NMSI) consists of the MNC followed by the
d is to be assigned by individual administration.
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cell identification within the GSM
(CI) to the location area identity.

mobile station to distinguish between different neighbouring base

ork Colour Code (3 bits), identifies the GSM PLMN. It does not
tify the operator. NCC is primarily used to distinguish between
ch side of border.
Base Station Colour Code (3 bits), identifies the Base Station to help
sh between BTS using the same BCCH frequencies.

tation Identity Code (RBSIC) - Used by the mobile operator fo
's within a wireless network.

el L S e
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ON 10 provide

ent routing of the Oney
ggﬁr

division m

B ount of

Eﬂ—vﬂm mng b
radio 7554

ubscribers simultay,

. The timeslots are arrangy
Q. Each Hmmumﬂﬁom— of thy
e call occupies one timely
or a handover occurs, Ty

| =
D O

e

Fig. 3211 TDMA fime ¢

.wcnnngnmo:ompgasgﬁnmyé

\ channels (22.8 kB/s) and data channels (9.6, 48 and 24 kB/s) are

rol channel is further subdivided Fig 3212 shows different
es of traffic and control channels in GSM. (Refer Fig. 3.2.12 on next page)

hannels (TCH) carry encoded speech and data. A TCH is a group of 26
mes, called multiframe. Each TDMA frame is having 120 ms duration.
TDMA frames, 24 are used as TCH frames, one frame (13™) is for

d one frame ﬁoj is unused or idle frame.

supports two information rates :

ate (TCH/F) . 2. Half rate (TCH/H).

——
S ————
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- Murnt
M rﬁtmm.oabsw; ! NS
) G3M, GPRS ey Couss System,

; 2.8 kBls) vy ﬁ

o (1.4 kg
434 hanneal (TCH/FS)
i Tekch
i . 18 ew—gﬂ at 13 Aft
Bls ihe full raie speech nr”uvsﬂw_ . adding GSM channel coding to
Jqﬂ...foo_.goa AﬂOOIu carries 22 8 rwvm.
: nnel for 9600 bps (TCHIFg ) :

tion (SCH)
i tion of addif e
ing (POH) P o comtion codiog wing, GSM
sess Grant (AGCH) e T
- e . innel for 4800 bps (TCH/F4.8) :
¥ (FAccH) c data n_...m:bm_ carries raw user data, which is sent at 4.8 |
v Associated (SACCH) on of additional forward error correction coding usi = _
g 8 kbps data is sent at 22.8 kbps T
1d-alone (SDCCH) :
i annel for 2400 bps (TCH/F2.4) :
ic data channel carries raw data, which is sent at 2.4 kbps. With

dditional forward error correction coding using GSM standards, the

i 1€ 15 per fray,
‘sent at 22.8 kbps.

e and contains SACC  rate TCH for speech and data channels are as mentioned :

Speech Channel (TCH/HS) :

. Jnuu. :
rate speech channel can carry digitized speech which is sampled
= Unused/ Idie half that of a full rate channel. GSM anticipate the availability of
e h oders can digitize speech at about 65 kbps. After adding GSM 3
,‘H,w&_l.wNnunaum ,no&bmS?m&mEN&%rEmrm:Ba%mmnrg&iE
S e o B 4 kbps.
o = M Data Channel for 4800 bps (TCH/H4.8)
= half rate traffic data channel carries raw user data which 15 sent at
) bps. After application of forward error correction  using GSM
de. the 4800 bps data is sent at 11.4 kbps.

C ‘a Channel for 2400 bps (TCHIH2.4)
channel carries 1aw

half rate traffic data

D bps. After application ©
standards, the 2400 bps data is sent at 11

user data which is sent at
¢ additional forward error correction using
A kbps.

N
-—
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wireless Communication 3-31 Multiple Access System,
GSM, GPRS and Wireless Standards

rmation nee : : :
B unique burst structure as well It contains 64-bit binary (training)
is same throughout all GSM networks and known to the MS HM»
. o i
. :.u mmnhmw._.m in GSM system. The SCH is transmitted once every
~ within control channel multiframe. Fig. 32.14 (b) shows

] consists of sev,
_ e sl jon burst stru
GSM control functions ation burst structure
Synchronizalion sequence Coded data B |1Mmﬂu||._
unidirectional base s 64 H
g 3 825 |
|||||| !

to enhance demodulation
 period , which allows for ramp up and down as the power

on Sequence : Used for adaptive equalization and BTS M“ﬁmn:ma b
crypted user data or signalling control information.

Fig. 3.2.14 (b)

Synchronization Channe] (SCH)

Control Channel (CCCH) includes : three different types of channels.
vel (PCH) ; which is a forward link channel.

. Channel (AGCH); which is a forward link channel.

cess Channel (RACH); which is a reverse link channel.

: ,@Hoﬁmmm information for
burst which occupies Tg) fo
eated every ten frames withi , b
Mo wwm Subscriber (MS) to mw:n*:ona”e
) with the frequency of Bas ms.“
ﬁmno sent to indicate unmody
ion Burst (FCCH ) structure.

Gy

el (PCH) :

Channel (PCH) is a part of CCCH and is a base to Mobile (forward
used to alert a mobile to a call originating from the network-
generates paging signals from the base station to all Mobile Subscribers
1 the cell and registers incoming call. The paging is done by transmitting
arget subscriber along with request for acknowledgement on RACH.

Channel (AGCH) :

Grant Channel (AGCH) is part of CCCH and is a base to mobile
link) channel used to assign dedicated resources, such as Stand-alone
 Control Channel (SDCCH) or Traffic Channel (TCH) to a mobile which
usly requested through RACH.

used to direct a mobile station to another type of control channel ie.
TCH, in order to complete the process of setting up a call and/or

g information.

n Access Channel (RACH) .
dom Access Channel (RACH) is the reverse (mobile to base) channel. With
‘of RACH, Mobile Station (M5) originates a call, sends signalling messages

the BTS.

t on call, acknowledges message from

. to mobile channel which amp
ntification of the Base Stati™" i
ion Identity Code) and the |

*_ An up thrust for knowledge

for knowledge TECHNICAL PUBLICATIONS -




GSM, GPRS and e o § R aiease Communication 3. 3
Mobile Computing and Wireless gﬂii»l\\»\.‘i’rlu\,._ Blasy g, Ny e S GSM appe . Wlipls Access Systam
— Sty a8 . 38M, GPRS and Whaer ™
~n, = ling bit i8 set, the time slot ig yn = I;:.:E

& ‘g—mu— wWn

to cc A
miain FA H d T that frame
In FACC ata for that

LOHA access scheme i.e. all mobiles reqyqg,
Wn in Fig. 32 16

. RACH uses the slotted A :
The s SRS GSM frame. At BTS every S Uy, ' The :943_ burst with stealing bits i sho
. ,

Oa-duvobn_novg.m&&ig 2 S the
accept RACH transmissions from Mobile Station (MS). CH has been o e dats A
will direct the mobile station t Cceiy SB o [
successfully by the BTS, the network : ” o the §p | 57 T [y ) 00 Cond
two-way control channel designated just for it 43 = non.EEan:o: wn?_: Tail bits , e ﬂm wwn
mobile station and the network. Actually RACH carries very little 53::503 A %om::m bits Coded Data - User gz gk
: T -Training sequence cp n:%a‘wﬁ:
. Guard Period

Guard Period (GP) to protect for burst trangy,

the timing advance when it first accesg,
allows a distance upto 35 km betwee, w te
Eg.u structure is shown in Fig, w.w.a Vo

s The RACH burst has longer
from an MS that does not know
system. The additional guard time
MS. Random Access Burst Channel

lisg; |
J Fig. 3.2.16 Normal burst

u. )uooo_n»on Control Channel (SACCH)
Sl Slow Associated Control Channel (SACCH) is used
.Bwnmﬁnmamﬁnm mode by the mobile of signal sirength in ;

i
Ly
N

e :
v o inform base of power

adjacent cells. The SACCH

PR 156.25 bits (0.577 ms) e is transmitted on every 26 bursts of every speech when half
llllll - . - ﬂ " L*Q
T8 | Synchronization sequence Coded data T8 b ! 3 The SACCH is a bidirectional channel. It exchanges _u : moam : beb
guars iod i . . : % 4 contr
8 41 36 3 6825 " " pase station and mobile station during a call or call set ’ _“4 o e
e e R and control signals in uplink and downlink are - tup. Various information

- ™ —hn‘y 1 )
Sitic D s Soeres enhance dernoc 8 tive equalization and BTS identification pownlink (forward channel) :

Coded data : Encrypted user data or signalling control information .
GP * guard period st i) Broadcast messages.
Fig. 3.2.15 Random access burst iij Power control information.

jii) Timing advance in downlink.

Dedicated Control Channels (DCCHs)

® The Dedicated Control Channels (DCCES) come into play after call is establi: Uplink (reverse channel) :

These channels are bidirectional and have same formats and functions in bt i) Measurement report.
forward and reverse links. o
: : ii) Acknowledged power control.
e gmé%mg&mﬁmﬁ%@magﬁmwu
iii) Acknowledgement of timing advance.

1. Fast Associated Control Channel (FACCH)
2. Slow Associated Control Channel (SACCH)
3. Stand-alone Control Channel (SDCCH)

iv) Received signal strength and quality of TCH.

3. Stand-alone Dedicated Control Channels (SDCCH) :
s The Stand-alone Dedicated Control Channel (SDCCH) is assigned for each mobile

. Mnu“#“m““wn“d Oﬂa_“,uo_nh__..n:__:“mﬁ>oozv : 3 i ! 2 ‘ station. The SDCCH is a bidirectional logical channel, consisting of four time slots
i e . 0 fierehange of time critical information s Anmﬂ.ﬁ:m one massage) in every multiframe. This makes transmission speed
mobile ni'base sigtionteuring the progrese of a call. A FACCH will %E& o slower, but it is sufficient for the information that needs to be sent.
eight slots spread out over eight frames. L ] . . L e
o The infi sl 3 : ey The SDCCH carries signalling data following the connection of the mo e wi

ormation in FACCH and SACCH is same. The FACCH is &0 Base Station (BS) and just before allocation of TCH by the B2 Station (BS) to the
whenever SACCH has not been dedicated to a Mobile Station (MS) and t" B o s ,_Ew * that the MS and BS remains connected whereas BS and
.:Hmmbn _.bmmmme such as handoff is requested. The FACCH transmits " MSC verify mccm”nnvmn unit and allocate resources for the mobile. It is 2 channel
UE.mOannon by mnmm_..im capacity from the associated traffic channel. This is %:,. which accepts a newly completed call from the BCH and holds the traffic while

y setting two special bits called stealing bits, in TCH forward channe! ™™ Waiting for the BS to allocate to TCH channet ._

\

~

\\\
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H
wm
:

Synchronization sequence
64

Fig. 3.2.17 GSM timeframes, time slots and burets

TB = Tai bits, GP = Guard period

timeslots per TDMA frame. The frame peniod s 4615 ms A frame

Eﬁax~§.§xﬁgfdag

T! 3 b, 28 min 54 sec

Fig. 3.2.18 GSM frame structure
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Wireless Cor € ;
Wunicalion 3-97 Mulliple Accuss System,

e GUM, GPIKS and Wireless Standards
. summarizes
s the burst type,

s purpose, used by channels and its

——

e T S i 2 G
Purpose R
e e ww, : Contents

,...|.. d@ﬁm to car 3 i % BT = 4
. ,.\153:5»:3 on _.B_._m_m wMMF * Two blocks of 57 bits each
~ and control channels, >.nn-:. for traffic,

Mwnnm.._\ » Training sequence (26 bits)
SACCH, * Steal flags (1 bit each) to
FACCH, indicate that FACCH has
TCH temporarily stolen 57 bits.
« Tail bils (always 000)
o Guard period : 825 bit
B g L durations.
 Us
Used for ?ommsﬁﬁw FCCH + 142 frequency correction bits.
3 « Tail wmnh.
+ Guard period : 825 bit
durations.
r frame  SCH o Two blocks of 39 bits for
synchronization of the TDMA  frame  structure
£ information.

« 64 synchronization bits.
Tail bits.

Guard period : 825 Enﬂ
durations.

41 synchronization bits.

36 bits of access information.

Tail bits.

Guard period : 6825 bit
durations. A longer GP Is
used because it is the first
transmission from the mobile
. no timing advance
information is available.

Per X . Pattern consists of training
USed when no other All (K uue_hsngu-a_x&ss

Used for random and RACH
handover access. FACCH

aBE_H_u_E;: ! and carries  (17) AR i

noinformation.
Table 3.2.2

_!SERR\%
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3-39 ‘J

OM!. QUDM:"”“.EC hnsbm System,
24 E andards
EEQM.“»”E E the SIM to avoid
 This fnds Tegistration attemps,
o) F—:nmnmm the Man-Machine T et
BUages preferred by subscriber.

; %MMMMM@MM?MQNWMO& Random Number (RAND) of 128-bits to the
). The network EMQF and As algorithm to produce 32-bit signed
mmﬁwiggﬁgggagm wﬂﬂﬁ RAND, K; and A, algorithm to
ontinues only if the against the response from the mobile and
Ly two response match. The GSM authentication

e SIM mode of operatin _ |
approval) oD __A
_
_
|
_
|
_

and the card issues. = :

onal services that ar

L
-
\
|
|
|
|
|
|
__
sly identifies subscriber. |
HV Equal ﬁ SRES
. |
‘the Temporary Mobik B i
; Fig. 3.2.20 GSM authentication procedure

o maintain desired security level, A; is devised so that computation of
. RAND and X, is straight forward but the computation of K; from
nd SRES is complex. A, is operator dependent, which is a further reason
> the network SRES computation at mobile HLR.
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- are generated 3 A

rocess. It is stored in noy

”,on coder (RELP) along
.E,mon each 20 ms blocks

» of the time. Therefort
ssion Mode (DTX) by

Fig. 3.2.21 GSM speech signal processing
g Voice Acitivity Detection (VAD) m speech coder. This provides

ry life for subscriber and reduces radio i

end a Comfort Noise Subsystem (CNS) 1
to compensate for the annoying switched muti .._.mmmﬁn Eﬂa

m..@mﬂo:%:.zmmamanﬁamﬂma%a&smag

, gg&ﬁaﬂugag%-
s (Most sensitive to bit errors)
s (Moderately sensitive to bit errors)
(Least sensitive to bit errors)
e 3 parity check (CRC) bits are added to them to facilitate detection
ble errors at receiver. The next 132-bits with these 50-bits + 3 nwn
ered and appended by four trailing zero bits making 2 total 189-bits
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channel by sending setp message © network The network

..u%!-—ﬂu.lﬂwl-vlug!jliiaﬂ
r the FACCH and a rmging tone may be gemerated by the network and




 and Wireless Communicatiop

3-45 P
ult
GSM, Grrs niﬂao hﬂ! System,

Mobile activity

mobile responds with
A traffic channel 5 ther

nnel Switch to traffic channel M

on el i ed
acknowledgement.

Receive alert signal and

generate ringing sound.

Receive connect message.

TECHA!
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Paging commang L‘F
,‘/.

Time

Channel activation
e S IS |

~ Channel
- request

Channel activation
DQXSQ&&OQ

Immediate assignment
command

_ Immediate
assignment

handover occurs when an active MS changes cells. BSC of the location
dover. Several different types of handover scenarios are possible, such

7 e

paging message to BSC.

ntra-BSC handover process involves following steps. .
Alw,mﬂ handoff OnWEm between two cells controlled by BSC. During the call,
m.{ : signal on the TCH and signal

! trength quali f th .
Sl e L m&E:m and assess the Received

\ from the neighboring cells. MS will ev
ch cell.

(RSS) average for mw\\\\\\\\\\\\u\\\.\\\\\\\\

( for knowledge
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Fig. 3.2.26 Inter-BSC handoff
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must provide alj
ed networks and more.

4 traffic channel
ﬂggﬁuga;ﬁf, of GSML

B o conzection. - nv?igultlﬂaa

ce are expected to be in many different kunds, o
Pﬁﬂwwmngagxgguuﬂggﬂ_ and functionality.
ices can operate GPRS smultanecusly with other CSM services (such

oice call). e e T e
ces can operate both GPRS and GOM serv the same

levice must shift between the two modes but can be registered i the
both.
es operate exclusively GPRS services.

GTU : Winter-13, Marks 7




-

| address and forwarding of pacets

0033::59.5: 3.5y
M

—SISIOO—:O:n ﬂ::nzo: . GSmy GPRg a:sb?)
unication pathg are E_OQ:Q._ b

, )% (R,

The
Main :525.5 that are

ement Function, .

u_isou of an MS g ke,
% Kept by it. When
: an

location in formations are alsq cv%EZm Hled. s

Riice . by it. The main functions gy
8 track of the current location of an Ms
“update, routing areq update, combine

g area and location ares update

ment Function -

network still

provides voice and the GPRS network handles data,
f this voice and

data can be sent and reccived at the same time,

a completely separate network to GSM. Many of the devices such as

ansceiver stations and base transceiver station controllers are still used.

e two new functional elements which play a major role in how GPRS

e Serving GPRS Support Node (SGSN) and the Gateway GPRS Support

SN). These two nodes are new to the network with the other changes
if any. GPRS architecture is shown in Fig, 332.

38
(@

g GPRS Support Node, or SGSN for short, takes care of some important
uding routing, handover and IP address assignment. 5
. ice. As an example, if you
i nnection to the GPRS device. :
in a r“ M.mﬂvmm__::g_m M“_ a long journey and were browsing the Internet on a

; SN is
: lls. One job of the G

9 . ugh many different ce | .

device, Wdoc will vmwm: ﬁnﬂomrinma_v.& as you make your journey passing

ake sure the connec

) for knowledge
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819 Wirgjqqe™s Wireloss Communicate,
Mutti
OSM, GPRS gy 2 \oC055 System,
Wireless Standards
Home Location Reoi
: 8ister g
et hen a device conney ¢ msm database

at the same time.
Can attach to only one service at a time.
earlier, GPRS allows access

e apaged by a difery  are needed during download operation, Tap, wsasw slots since higher data

this is done exirene)
pened. Any Packets thy

obile data it .. onnected to the GGSN vis ;

fl]rfiil‘! -
. 3 & 1 m
} 5 T
= e M T
e 4 2 |
%u@: in the GPRS network Table 3.3.1
e e s the same air interface as GSM i.e. 200 kHz RF Carrier and 8 Timeslots,
rolled into one. It also at any given time, same of the slots may be carrying voice and same
which are usually situated - achieved by using a different logical channel allocation and coding

 is made with a protocol
on top of TCP/IP and is a0
rmation.

des the following network services : i
ﬁvoma (PTM-M) : Multicast services for subscribers in given area.

tipoint group (PTM-G) : Multicast service to predetermined group
read over geographic area.
(PTP) : Packet data transfer

(connectionless and connection oriented)

. st for knowledge
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Multiple Access Systam,

GSM, GPRS and Wirelass Standards

Procedures in Gpprg

kets to i ace
ord
tion management depends on three Ml Em_v..
shown in Fig. 333, of MS : IDLE, STANDBY ang

are based on tracking

/

;

—_—
1
<

,V ¥ n
AR el i

nw)\.
%
STANDBY

e STANDBY state, movement across routing areas are updated to the SGSN
; cells.

ms to support mobility.

e resources.

S t0o infrequently, a system-wide paging is needed; this is also a waste

SGSN that includes - ‘state focuses the area -chances of packets reaching are medium.

e pinpoints the area- chances of packets reaching are high.

by the SGSN.

eated MS.

DP contexts at any fime. The PDP addsess mzy be 544!
DT ot ¥ : _ ‘ﬂ% gﬁO%%.

updates are part of standby state.

RA update, the SGSN already has the user profile. A :m“
mobile subscriber identity is issued as part of routing area upda
‘home GGSN and GR (HLR) need not be updated

L
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.ss Communication 3-59 Multiple Access System,
GSM, GPRS and Wireless Standards

Multiple
- GSM, GPRS and §hﬁz

‘ gﬁ;:. | _ Layers in GPRS

 new SGSN. The p,

. ew 5o | + stack is shown in Fig. 335 This i
of the MS. The SGgy ol sta g 3:3.5. This is the transport
New wﬁmz | . GPRS/GSM infrastructure. port plane where data
o IP/X.25 1P/ X.25
{
¥
_ : 58 SNDCP| GTP |12 GrP
o ranking, path Jogg Pow, ! LLI e
& il LLC Relay - e
: g BSSGP
RLC | BSSGP Frame | L2 L2
MAC Frame Reley
Relay 2
GSMPL| Libis il L1
b= BSS Gy SGSN G, GGSN G

subnetwork Dependent Convergence Protocol
Gateway Protocol
RS Tunneling Protocol

- GPI

Fig. 3.3.5 GPRS transport plane

RS Signaling Plane

aling plane enables signalling between various elements of
ture.

Visited + GPRS loys out of band signaling in support of actual data transmission.

FEMN ! Si tween SGSN, HLR, VLR, EIR is similar to GSM and extends only the
ted functionality. Therefore it is based on Signaling System -7.

the MS and SGSN, a GPRS mobility management and session
t (GMM/SM) protocol is used for signaling purposes.

same as GSM (uses GMSK). Its functionalities

o
]
-

air, physical layer is the

or correction and indication of uncorrectable code words
of radio "blocks"

of radio link signal quality

tions similar to GSM

K

i o e T2
owledgo
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Negative ACK

Retransmission

Acknowledgment

Fig. 3.3.7 Downlink data transfer

ssion to a mobile can be interrupted if a high priority message needs
paging, a resource assignment message may be sent to the MS if it is

"ready" state.
ontrol (LLC)

is created between the MS and the SCSH.

ene n. It has
sequence control, error recovery, fHow centrol and encryptio
e 7

rer payloads) and an
dedged mode (with retransmission for nefwork layer payloa

RS
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.iEnE::ES.og.o:

21 ‘m,.o_uEQ management.
hown in Fig. 3.3.10.

4

H
SGSN
Flg. 3.3.10 Two-level tunneling In GPRS

vel tunneling mechanism corres
or virtual circuits) correspond to s
d to wide area mobility.

ponds o a two level mobility. LLC
mall area mobility, while GTP tunnels

Routing in GPRS
' main requirements in the GPRS network is the routing of data packets

Btic
2 a mobile user.

RLC interface

ement can be divided into two areas :
et routing and

RLC/MAC :
ty management.

T, i itk o HO:E:O

e ain functions of the GGSN involve interacion with the external data
B : . The GGSN updates the location directory using routing information
by the SGSNs about the location of an MS.

utes the external data network protocol packet encapsulated over the
dione to the SGSN currently serving the MS.

decapsulates and forwards external data :a?ﬁ% vmnwme&EBz_M
data network and collects charging data that is forward

y Gateway (CG).

i lustrates three routing schemes.

e
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s a packet to transmit, it must access the uplink channel (ie., the

:.w%%&ﬁ%&%og%vdscﬁggw

GPRS network (path 3) a number of MSs, and its use is allocated by a BSS. The MS requests
el in a random access message.

protocols into its own s an unused channel to the MS and sends an access grant messaze
ol (GTP). random access message. The description of the channel (one o«
slots) is included in the access grant message. The datz =




B of external packet data 5
f the packet data propg add;
general GPRS regoyp, “Sses,

gc—.r?

ords (CDR) and E.v. - This Mformation g ._559. and
1S delivereq a bill; 8ather~q
service charging can pe . 8 Bateway. alled

icast messageg that
etwork gmmﬁdna.:.m
send messages to the

0 from ‘ ¢ Subscriber co
atior uld be charpeq f,
igh a proxy server. e or access to the Spedific networ,

<n p, - « s time of day,
doey Tt

current location of the subscriber.
rvice : More charges for higher network priority.
SN will produce specific CDRs for SMS.

I/subscriber : Different subscriber classes
or private users).

: Receiving subscriber is not

(different tariffs for frequent
identity of the MS and its ney

charged for the received data; but
This procedure is used only

Specified data to be free of charge.
fixed monthly fee.

ce : Charging based on different bearer services (for an operator who
ral networks, such as GSM900 and GSM1800, and who wants to promote
e of the networks). Or, perhaps the bearer service would be mon.a for
> it would be cheaper for the operator to offer services from a wireless
than from the GSM network.

.nmm routing update. The MS
establish a new connection to

" for knowledge
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Tadig r, ces can be
fos in reality - g T am_u—o%a e
speed 21 Maximum Gppg ;
ser over all eight time go4 . fransmission 17, , kbps can pe
s m_ GPRS mobile terminate Gt mm“on Protection
A a BOTH.—m Server.

S operations with its architecture. GTU : Summer-14, Marks 4

and charging in GPRS network.

_GTU ; Summeril4, 15, Marks 4

services in GPRS. Describe applications suitable for GPRS.
GTU & Winter:14, Summer:15. Marks 7-

“GTU 7 Summer:15,” Marks 7

routing in the context of GPRS networks.
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ork should Support very high penetration levels (for examole

. AL-users are not moving (or rarely move).
A height is generally derived from user density.
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Multipjg

Mobile Computing and Wireless Communication 3-72 GSM, GPRS ang Ss
§aswww M~MV§
8

0
.asﬁ

3. Low Tier PCS or Microcellular based
4. Fixed Wireless Access (FWA)

1. Satellite based
e Satellite based WLL technology is supported by satellite OPeratopy
Network Systems, Inmarsat International Circular Orbit (ICO), Iridium, OAI
Odyssey, American Mobile Satellite Corporation (AMSC), Asia Om:&& o
(ACeS), Thuraya etc. S
* Among these some of these operators (such as Hug! ) used terrestriy) |,
their system.
2. Cellular based
e Cellular based WLL systems are used in rural and non dense POpulation, arey
S,

Ugh

&g
Uom—uq
wnmE g.

mﬂmmog of

3. Low Tier PCS or Microcellular based
 The low tier personal communication systems (PCS) are low powe, :
Various low tier PCS are PACS, PHS and DECT etc. Yotem,, W Do \

lmwr!vwmmnm_@mn :2to 11 GHz

Detailed System Profiig o, 1066 Gai
Physical and

4. Fixed Wireless Access (FWA) . e
Mobile Operation. _ﬁsw_%% Bantrol Layers for Compieg Fixed
| License L and

e Fixed wireless accesses are proprietary point-to-point links used for SPecific arey,

[EX¥ wiMAX / Wireless Broadband

e Towards convergence of voice data and video IEEE 802 committee has inttrod; & :

802.16 standards for wireless broadband or wireless MAN (Metropolitan %M : EEE 802.16 Architecture

Network) or Wireless Microwave Access (WiMAX).

WIiMAX is an acronym meaning “Worldwide Interoperability for Microwyy,
——

Coexistence of = oo ia,

mm«wm,wmﬁ%mba Swnl&ﬂm

’ A
Table 361 =

802.16 standards are organized into three layer architectyy
e

Access.

The IEEE 802.6 standard offers an alternative to high bandwidth wired acce
networks like fiber \"ommo cable modems and DSL. It provides network access t
buildings through exterior antennas communicating with radio base stations,
Networks can be created just by deploying a small number of base stations o
buildings to create high capacity wireless access systems.

In Wireless MAN the traffic movement between subscribers and core network

involves following steps:
1. Subscriber sends wireless traffic at speeds ranging from 2M to 155 M bit/sec from

a fixed antenna on a building.

2. The base station receives transmissions from multiple sites and sends traffic over
wireless or wired links to switching center by using 802.16 protocol.

3. The switching center sends traffic to an Internet Service Provider (ISP) or the public
switched telephone network. |

%m-mm_ layer mvmnwm..wm the frequency band, modulation scheme, and error coding
. acm.@ synchronization between transmitter and receiver data rate and the
tiplexing structure.

IDD and FDD alternatives support adaptive bursts profiles in which
ulation and coding options may be dynamically assigned on a burst-by-burst

yer

1& MAC layer is designed for point-to-multipoint broadband access.

[The MAC layer is responsible for transmitting data in frames and controlling
dccess to shared wireless medium.

™
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i - -technology, obility with g,
‘¥ ||.l.~¢< mm:mm—.mmno
the users point of attachmep; Tnected o licati

pite the changes in underlying mm‘gﬁlﬁéﬁ

MAX and WiFi technologies. : j s all connect;
. , : Y8 network proper <=ctions
R i i ot e — > the mobile node | {0 use two Ip oq es.

: W addresges
5 St and Know 1 g 2047

: Winter- 3 e : s N
inter-13, Marks § he . The care of address changes at mmnr(s%ﬁ the

. " POINt of attachment

,‘?.T:. wﬁgﬁcun. 15 bile IP R -

layer (L3) which is used for

data

oloy  packet-switched

uter for transmission
ket must contain complete

er of OSI model ie.
protocol by which data

Each computer (known as a
iquely identifies it from all

3 Foieign
= agent

. topology or routers

2?2 links 6

Web page, the message gets
- m%ﬂm Ognﬂwa mOE the

f
tands a small part © Fig. 3.7.1 Mobile IP

& knowledg?
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* network, using Xy pp

'¢ basic qualities.
to identify Prospecjy

&'ﬂ}-s
N

i
FLE S

Ji:

~y

is

for  Wireless Application
n protocol. WAP is used 1o access services and information

dard" created by wireless and |
cellular phone.

gned to access to Internet and advanced telephony services from
users, A

Protocal.  wap ¥ an  application

Ntemet companies 1o enable Internet

e

e used from variety of 2G and 3G networks such os
1800,GSM-1900,CDMA 15-95,cdma-2000,TDMA  15-136 l-mode 3G
=2000,UMTS W-CDMA. GPRS and 3G are more suited for these

. nts of WAP

WAP architecture requirements :
should have leverage existing standards whenever possible.

ayered, scalable and extensible architecture,
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it : Browser o cli ; i
Wireless Mary,,

formats : Set Ega
fon Protocol (wsp)
on Protoco] (WSp
to provide fast cq

# moamm:m, mBozm
t development programpy,

‘,_un hosted on standard Web

ports class of transaction Service, optional user-to-user reliahij Suc
n and asynchronous :m:%n:os./?

—

ransport Layer Security (WTLS)

and applications

n porates securily features that are based upon the established Transport
curity (TLS) protocol standard. Jt includes data integrity checks, privacy,
‘and authentication services, =53 -
l}

es data integrity, privacy, authentication, denial of service protection.

-
L =
5

 Datagram Protocol (WDP)

is transport layer protocol in WAP architecture. WDP operates above
bearer services supported by various network type general transport
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ling and encoding betyge,

ture of WAP

illing, Architec

laes Communication 3-g4
T Multipfy

GSM, GPRs an
; d Wi
es to WAP Batewayg dre., [
S center using Protocols

Servers to fetch Wy, pages
(8 devices using WAP proy,,, stack

ateway
n WAP protocol stack
nslation between mobile handg,

i

»ss WML pages to save bandwidgh

et and server

data connection.
b, 9.6 kbps
'd 8.8 kbps

J

reless Qm:qmam
= e due

link and downlink frequencies for GSM are different and therefore a

a pair of frequencies

apart
'b 80 MHz

L

'd 60 MHz

eparation between uplink and downlink frequencies are called
x distance [b double distance
'd none of these
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:igﬁv are in d

and WAN,  Tondent o

|IEEE 802.11
standards

Communication 4 . 4

of the 802 mode Wirsloss Ly, g,

X I inclyg, 0
topology. The choice of | " "Pecificay R
A of transmjg; ON of fhe trany
| Pecification o N Medjyy and g

3 t

e defined in [RER g0p 1, " medim g
., erg ence procedure :._.03. .
) method of Mmapping g0y |,
,\ ming format suitap),.

d first three functions are similar and this specific separate layer is
_.>nomwm Control (MAC).

ion is done for the following reasons:
lired to manage access Lo a shared-access medium is not found in

er 2 dala link control
Hﬁh& several MAC options may be provided.

rchitecture and Services

d by the 802.11 working group is shown in Fig. 421
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802 119 Wirnleg,
§ 3 W
elasy
Provided o Ay m.,!w"d
Distribution sysien, Used 14
Station MsDy; ey,
er
Station AN Aipny
e g,
Dis! G LAN o
, tribution vt 55 g
" Distribution systemy VOOU oty
| Distribution VEOU detiery
Station MSDY defivery
~ Station MSDU deterery
LAN
= Distribution system s and ®evre,
e _ MSDU G
.B.AQ deauthentication deals with, e =
when joining and leaving the e g itself &
A : & network. Ay S dsell o
ork is wireless which means thas ; - :&ﬁgug
it 5 very €25y © eay .

station wihing o o be rek
_.memmmgma frame containing its dQan.RJ; sends =
Znnmwnmm otherwise it is not and Sherei key " § e station
ret key has to be known by the station gﬁ.gnﬁ,x.unﬁﬁnﬁ where a
Authentication, implementation of e :.nawm,. the network. To
m is required. Equivalent Privacy

asic service set )
function. 2 (BSS), which s

distribution system (Dg)
is any entity that has sfatign
ion system via the 5:.»-3
Hons as a bridge. |

and integrated LANSs that appear ects the network from eavesdropping This is necessary because
orks are very easy to listen in on, the eavesdropper does not even
in the building. Privacy is obtained through the use of the Wired
rivacy (WEP) algorithm.
yned to provide at least the same level of secunty as wired networks.
erent ciphers to be used as long 2s a consensus on the network is
If the wireless network is an ESS, which means that a
stem is present, additional steps has to be taken In this case a
associate with the access point it IS currently using to let the
stem properly map its location. When the station leaves the access

| disassociate from the access point.
elf with moving pa

deauthentication, privacy,
distribution, integration and

. s fi one BSS to
%Ob service concerns its ckets from one T
Ve Qom:.:mzoz BSS for

‘distribution has to be aware of the proper
t receives.

e

- wiodkpo
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0333::\.«..;3: 4-7

" SQ.DES:.. By,
: ..v.x_é!.._ »7&.&
sidered 2 typeg ¢ MAC 1, Rk
Access protoco), Borithy, .
Access protoco]s,
g an&n_m SiAC aAgorithy, R

Contention - free
Service

Contentin

Point
coordination
function (PCF)

Distributeq Coordinafip

N func
(DCF) =
/jﬁ/
Direct 1 Mbps Orthogonal Direct
sequence 2 Mbps FDM sequence
Spread 6,9, 12, Spread
Specirum 18, 24, 36, | spectnim
1 Mbps 48, 54 Mbos| 55 Mg
2 Mbps 11 Mbps
| B ]
TJ/;{ —_—
) IEEE 802 11 IEEE 802 11a IEEE 802 11b

Fig. 4.3.1 IEEE 802.11 architecturs

dination Function
‘use of simple CSMA algorithm. .
tion has MAC frame to transmit, it listens to the medium.

¢ignificant no. of

ty mechanisms at a higher fim is idle, station may transmit.

1t must wait until current transmission is complete.

 not | llision detection function

“ ,w.o.ﬁ include a Collisi T = e
smooth and fair functioning of this algorithm,

ounts to a priority scheme. : t

a single delay known as an Inter Frame Space U

e protocol.

- for Anoudecge
TECHNICAL PUBLICATIONS - A1 &




IMobile Compusing and Wisiess Consmmicaion 4 -8 WiFiend the IEES 672 17 iwivo .

Fig. 4.2.2 IEEE 802.11 Medium Access Control Logic
3. Different Interframe Space (iFS) values
1. SIFS (Short IFS) : The shortest IFS, Used for immediate response actions

2. PIFS (Point Coordination Function IFS) :
controller in the PCF scheme.

3. DIFS (Distributed Coordination Function IFS) :
minimum delay for asynchronous frames.
Interframe Space (IFS) Usage
1. SIFS (Short IFS):
(a) Acknowledgment (ACK)
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A mid-length IFS, used by centralized

The longest IFS, used as 2

¥ ...,‘15#1.3“ Con munication

— — Wig ~F
tar to send (CTS)
point Coordination Functig, IES)
by centralized controller i i
SUINg nat
N2 polls
s precedence over norma| Contenti
mn r‘t

ributed Coordination Function e
tAESh

d for all ordinary asynchronoys g

‘Frame

ows the general MAC frame format of IEEE 8 1
802

On»m..m 60ctets 6 Octets 6 Qciats

20ciss § Qi
Ociets [

Kuﬂmﬂw -
~Ldress

Fig. 433

Address
1

3 n,\nlb»/y\.fsuu

Address
2

MAC Immnmq

carries control information being sent from

I0m station to station

frames, this field contains a duration value dependin

L

3 and 4 :

Iress fields contain different types of addresses, depending on the type of
g sent. These address types may include the Basic Service Set

fion (BSSID), source address, destination address, transmitting station

, and receiving station address.

ol :

ence control is used for fragmentation numbering to control the

on the type of

a4

C] .
5

has a variable length payload and its range is 0-2312 bytes

K Sequence (FCS) :
C layer at the sendin
the result in this field.

L d
g station calculates a 32 bifs FCS using CRC an

: for knowledge
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et Length Width
; PLW) & .
- PLW is of 12 bit _n.dgn@@m the

gnalling Field (PSF) identifies
: identifies the ¢
PSF is of 4 bit length te data rate in 05 Migs sters
s PSS sSarmg

code protects
protects the PLCP ks The overinad
e grerinad of FUCT & 122 His

Fﬁ&&ﬁn?ﬂ&nﬂ@,ﬂ

()
. W

76) or ( 2, 5, 8, 11.....77) as shown in Fg, 4

Group 1 Grop?2  Gouwpd

\J//
1012345
_ 2 402 Giiz - 2.480 GHz

for the FHSS in the |

. H..?o frequency groups
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s . = 18
| b ?m_-a..?ﬁ s 4
e lass LAN Standary ot nonn—ﬂ to be scrambled for et LAN Stander
AT e d 1 gﬂ
SRR L g 4 g%nrﬁhi—a— P
ol srvice field i e it ..«_.._,5.g e
.l“.u....l : 3 = J 6 reserved mg mﬂ—g
i i use. This fieid §
e k- DSSS ® not present in
_in_.w.u chip rate of rrection Sequence (FCS) field i | :
dwidth it provides '8 identical to CRC field of Fiss
o ) frared (DFIR) .
\_ ,, Hm_w operates based on transmission of 25
GhHz o
¥ tion techniques recommended b
y = E =
’PM for 1 Mbps " Mot
«ﬁb | PM for 2 Mbps
\ A\ _ PLCP (250 ns puises) ———
7 T e e )
ol _ % Header =
._.5- for the DSSS
241 B SYNC: Alternating 0.1
% . 5 SFD: 1001 s
L ke Data rate: 00C and 001 for
e o Length: Length of MPDU in microsecond
[ of five FCS: PLCP header coding
] 3. 4.45 PLCP frame for the DFIR of the IEEE 86211

itted power is specfied at 2 W with 2n average of 125 mW or

%ambmar of light is at 850 nm to 950 .
- at of DFIR version of IEEE 80211 is shown in Fig, 445,

mmd fields are shorter than FHSS and DFSS because :o:.ﬁoramz
ot need Carrier Tecovery.

_Honaﬁ_mw%m diode detectors does 1

cation field starts by 000 for 1 Mbps and 001 for 2 Mbps.

fm,bma" (DLCA) sends a sequenc of 32 slots allowing the receiver 0
w,,,#ﬁ received signal to set threshold for deciding between Ze1os and

2
ok =
55 r } nd FCS are identical to DSSS.
fferent. : ngth is restricted to 2500 bytes.
5 w\{ : : W s higher tolerance to RE signal interference
‘ , : _ r«vwnm to spread spectrum-
LN 3 — 5 ):552—1: %
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ss Communication 4-15

Wl and the (kg g 11 Wirsless LAN Sta
dination Function d| Distribygeq Coordination Funt;

on
| | [Ans, : d]
e ollowing event is not possible in Wireless LAN

. ?
Hetection b >nx=os_&mm5§~ of data fra
mes

yde data transmission d' None of the mentioned
[Ans. : a]

 Equivalent Privacy (WEP) ?

e mentioned
[Ans. : b]
ed Access b Wired Protected Access
ycess Access d, WI-FI Process Access [Ans. : a]

ifference between WLAN and WiMAX ? J

s used as wireless local area network for providing connectivity
ompliant devices. WiMAX is used as wide area network for providing
s wireless devices. WLAN standards are evolving including 11a,
1lad and more. WiMAX follows IEEE standards viz. 16d and 16e.

0
difference between 602.1%a, 11b, 11g and 802.19n 7

ce between the 11a, 11b, 11g and 11n lies in terus of data rate,
, distance coverage.

fference between WIFi and Bluetooth ?

der WILAN category while Bluetooth fall under WPAN calegory
‘are published under TEEE 80211 and Bluetooth under [EEE 80215
the standard for wireless personal area networks or WPAN. It
wrnission of data over very short distances.

farence between ad-hoc and Infrastructure mode in IEEE 802417
ode WLAN mobile and stationary terminals referred as mﬁ»m
directly. In the infrastructure mode STAs communicate <5 entity
Point). It is similar to mesh and sfar topologies used in other
astructure mode used to connect with wired network.

ooa
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_ Bluetoey,
B —_ Blustoorp
Cw,!.r\.rrrm[ g | =y
| = i |
ification (universal) for short-range wireless v,

standardization began in 1998.
short-range radio hook-up thal resides on a mjcy, o

~ thousar | companies have signed on to
R il s standard for a wide range of devices.
R Spe s of Bluetooth are : Initial : Ericsson, Ne i

make Bluetooth the low-power short-

rd under IEEE 802.15 WPAN.

for 1 Mb/s networks. Thousands of companies are now

o The Bluc

. SIG (Special Interest Group).
' The concept behind Bluetooth

17

-

~ audio, graphics, and even video.
designed for integraied voice aad
Bluetooth has a lower data
voice applicatiors.
o Unlike 3G cellular systems, Bluetooth is an inexpensive
network operating in unlicensed band! and owned by the user
Bluetooth Applications
e The bluetooth SIG considers three application-based scenarios :
1. Cable replacement
2. Ad-hoc personal networks
3. Integrated Access Points (APs) for data/voice

TECHNICAL LB 1ATIONS - An up thnist far knnwledge

Swedish mobile-phone maker Ericsson in 1994 Nip,
make calls over a mobile phone. Since then wm,w
i/ €ra]

ﬂgwm

JONSC IBM, Toshiba ang Inte]
formed a Special Interest Group (SIG) to expand on th - oncept and to develop
Sl S e a

"4 xpanded : In 1999 to include 3 Com, Lucent, Microsoft and Motorola also e
- first specification, v1.0b was released and then accepted as the IEEE 802.15 WpaN

\ standards are published by an industry consortium known as the

] is to provide a universal short-range wireless
bility. It uses the 2.4 GHz band, available globally for unlicensed low-power

o Bluetooth is intended to support an open-ended list of applications including data,

. muu_ﬁaﬂ- is the first popular technology for short-range ad-hoc networking that is
data applications. Compared with WLANS,

rate, but it has an embedded mechanism to support

personal area ad-hoc

Data/Voice

a access points

" Fig. 5.1.1 Three application scenarios considerec
dards Documents i
1 standards are divided into two groups;
Specifications : Describes the details of the
tooth protocol architecture, from the radio interface ﬂq

by Bluetooth

T

arious layers of the
Eea i 0 link control.
Specifications : Are concerned with the use of Bluetooth
pport various applications. Each profile specification disc oth technology to
°F . o 1Laldlr ISCUSSes »._.J -
echnology defined in the core specifications to implement HEME,M. MMmEm
3 St T L I sage
del. It includes a description of which aspects of the core spedifications are
andatory, optional, and not applicable.

itecture

oth is defined as a layered protocol architecture consisting of core protocols,
replacement, telephony control protocols, and adopted protocols as shown in
1.2 (See Fig. 5.1.2 on next page)

protocols form a five-layer stack co
ooth Radio :

ifies the details of the air interface, including frequency, the use of
tion scheme, and transmit pOWer.

nsisting of the following blocks:

ency hopping, modula
EBAND :

oncerned with connection
t, iming, and power control.
Manager Protocol (LMP) :
Responsible for linking setup betwe
ment. (this includes security aspects SuC
$ the control and negotiation of baseb

ST
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establishment within piconet, addressing, packet

evices and ongoing link

en Bluetooth d
ation and encryphor

h as authentic

and packet sized)-
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aﬁghgig
4. Logical Link Control and Adaptation Protocol (L2CAP) :
. Eggﬂaﬂﬁmﬁ%!mﬁ%—@gémg&a
5. Service Discovery Protocol (SDP) :
« Device information, services, and the characteristics of the services can be queried
Uilﬂl%im%%goagwamg
devices.
oé!ﬁﬂ%@g%%uﬂmﬁm_ﬁﬂ%
%ggnguﬂ.ﬂ—v&gw&muﬁma%m
replacement of cable technologies as transparent as possible.
. angggﬁ*mﬂm%&mﬁ?ﬁmgn.&%

over the Bluetooth bassband layer. EIA-232 (formerly known as RS-232) is 2

* Bluetooth specifies a telephony control protocol TCS BIN (telephony control
%.553&»?%%?%@53:8:3_

E??%&%&&E&a%%ﬁ?g

devices.
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et of bluetooth architecture.

sice discovery protocol. Fon
RECOI |

 Bluetooth Protocol Stack.

B :
etooth radio
=t

MHM.‘J,.N miss mg

. RF band

. RF bandwidth

. RF carriers _

| Transmit power
Qs Socens
. Frequency hop rate

e adio Specification

specification is a document that gives the basic details of
for Bluetooth devices. Table 521 summarizes the key

Parameter  Typial Value .
L Topology Up to 7 simultanecus s 2 ogial sr
. Modulation L S
Bt data e | 1Mbpe

| ...walﬁ.w@.wéf\mxs )
 24GHzBMbend .
i R
01W
 pDDTOMA
e
— Rl

e

__ Scatternet access —

~ Table 5.2.1 : Bluetooth Rad

¢ ad end P

5 s for Kfowieds®
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Bluetooth modulated signal 5y ¢ . ~— e Bueton,
g a UJS,:‘ 1 § ey
level of

‘and Wireless Communication 5.6 . Blusy
20t

*w 3 E; 3 it uuse of the 2.4 GHz band within the ISM band. In mogy coy
" the bandwidth is sufficient to define 79 1 MHz physical channels.
~ « Power control is used to keep the devices from emitting any more RF poy,
" necessary. The power control  algorithm is 56_.&3?8& using the s o
management protocol between a master and the slaves in a piconet. S Sbe 3, 4, or 5. The system must
e One important aspect of the radio specifications is the definition of three classes
Oof

transmitters based on output power:
Il Class 1: Outputs 100 mW (+20 dBm) for maximum range, with a minimyp, .

1 mW (0 dBm). In this class power
control is mandatory, ranging from

-39 dBm.

_.:JBA j ) : - —N and

eiver Signal Strength Indicator (Optiona]
a power-controlled link mys g w )t A tran
: . a
th and determine if (he {ransmitt Hm t
ase or decrease its e
o : € L5 oulput power leyel AR
I) makes this possible. Recewver Signal Strength

g power control is specified is to have 5

Scetver that wish
0 measure jtg

s to
OUWN receiver
¢

the other side of the link

4 to 20 dBm. This mode provides the

greatest distance. 1
 II] Class 2 : Outputs 24 mW (+4 dBm) at maximum, with a minimum of den receive power Is defined as a range g,_a,pw EM: Teceive power range.
250 uW (-6 dBm). Powr control is optional. Js and @ high limit. er and higher threshold

threshold level corresponds to a received power between -56 dB d
\ -56 dBm an

{cﬂ.,mﬁ actual sensitivity of the receiver.

I Class 3 : Lowest power. Nominal outp

'« Modulation for Bluetooth is Gaussian FSK, with a binary one represented by 5
positive frequency deviation and a binary zero represented by a negative
frequency deviation from the centre frequency. The minimum deviation j

threshold level is 20 dB above the lower threshold level to reach an
+ 6 dB. The instructions to alter the TX power are carried in the LMP

-
o

3

115 kHz.

[EEXH Receiver Characterstics

"« The fain characteristics of the receivers include the following; ,
1. Sensitivity Level : The receiver must have a sensitivity level for which the bit
error rate (BER) 0.1% is met. For Bluetooth this means an actual sensitivity
level of —70 dBm or better. ,
2. Interference Performance : The interference performance on Co-channel and
adjacent 1 MHz and 2 MHz are measured with the wanted signal 10 dB over
the reference sensitivity level. On all other frequencies the wanted signal shall

be 3 dB over the reference sensitivity level.
3. Out-of-Band blocking : The Out of band blocking is measured wi
wanted signal 3 dB over the reference sensitivity level. The interfering signal
shall be a continuous wave signal. The BER shall be less than or equal to 0.1%3

4. Intermodulation Characteristics : The reference sensitivity performance,
BER = 0.1%, shall be met under the following conditions.

a) The wanted signal at frequency f, with a power level © dB
reference sensitivity level.

b) A static sine wave m,,mmu....& at f; with a power level of -39 dBm.

and Specifications

and is the physical layer of the Bluetooth. It manages physical channels
apart from other services like error correction, data whitening, hop
and Bluetooth security.
band layer lies on top of the Bluetooth radio layer in the Bluetooth stack.
and protocol is implemented as a Link Controller, which works with the
ager for carrying out link level routines like link connection and power

band also manages asynchronous and synchronous ::wy E&B nwmwma
§ paging and inquiry to access and inquire Bluetooth devices in the area-

e alternate
and transceiver applies a Time-Division Duplex QUQ wﬁ?Em.AMﬂ BMMM nw
d receive). Therefore apart from different hopping frequency

), the time is also slotted.

th the

over the
cy Hopping
ves two purposes

{ > . —.— QH 4
e i Bluetoo™ ° and multipath effects

8 resistance to interference

1) thrust for knowledge
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Mot o an W Communcaton : | Q. s e s e
vn,..-__i_pf.;., i uniingl | _ R BV 5 e ;V‘l.l 5
‘ The toial bandwidth is divided into 79 physical chanmels, cach of : o
: uﬂl’li‘;"lilgs.?. o R
 sequence. The hopping sequence (PN) is shared by all of the devices o , 0 et for sl Bluetooth poy,, .
piconet ‘ Code (72 bi ntami.l.ﬂn.slr oo e Sty
o,um_‘n:...l.tﬂhnisttb}laa!i; . ging and Inquiy P, e e,
 for a duration of 625 us. of the 625 us time period is referred to as 5 .1, der (54 bits) : Used 5 idorse
 these are numbered sequentially. . formatic P a8 & ey s .
'+ Blustooth radios communicate using a time division duplex disciine (j7y bad (0 10 7745 bits) - ¥ ey ooy
E!'!it‘i%n‘gfaﬂf o hend T CEEES e wiee and 4
TDMA. Thus, piconet access can be characterized as FH-TDD-TDM A k> > L
i . three types aCCess od
'+ sing TDD prevents crosstalk between the transmit and receive operations 1, g B e 040 : 16
radio transceiver, which is essential if a one-chip implementation is desires 1 et e plomet faone for 4 picomer
* The FH sequence is determined by the master in a piconet and is a funchon of 4 o DAQ : Used for pagng and R
" master's Bluetooth address. Because different piconets in the same area vy quis access code(IAQ : Used for mouwry pursoss s, oy
different masters, they will use different hop sequences. Thus, most of the g, eader format for all Bluetoot cacgem Nz\-un Sas
. .transmission on two devices on different piconets in the same arca will be on ..u bits) : Contains the "active mode” g
| : !ii . ..‘u_i are at most seven . -.... e " BPJ.‘ «1”\. ¢ e waves
| » Occasionally, two piconets will use the same physical channel durng the _,._..‘Cuggn.ﬁnnu..d.lhdl.“ug1ﬂ.».““1|ﬂlﬂ

~ time slot, causing a collision and lost data. However, because this will happes
infrequently, it is readily accommodated with forward error correction and errg
detection/ ARQ technigues. Thus, a form of CDMA is achieved between devices on
different piconets in the same scatternet; this is referred to as FH-CDMA

* Two types of links can be established between a master and a slave

ﬁq‘l‘tg.

. sllocates » fixed bandwidth between a point-to-point connection ,,
the master end & single slave. The B tion inv
reversed slots st regular intervals iy saaintuine SCO link by using

* The basic unit of reservation is two con B s . anch & |

up 1o three simultaneous SCO links whie &
snisﬂrgtﬁg}!gacis&

2 Provides a 1-bit flow conirol mechanse for ACL walic only When 3
with Flow = 0 is received, the sation mcowving e packet must
empor: halt the transcussion of ACL packets on fhes ink When & pacie
w:gu—lg%uueg

KN : Provides 1-bit acknowledgrment mechansm for ACL traffic protecies

.‘.Ign.ﬁﬂlgﬂ!ti.ﬁﬁ.!fsrrr ARQN = 1)  retamed.
: a NAK (AROQN = 0) is retumed When no return message regardng

dge s received, a NAK s assumed mmptcitly ¥ a NAK s recesved,

wku.t i ..l!!.?nrn..aq..siia,
..s!nn._.l!tll: _ link between the master and all the slaves in 8 EQN : p ik ¢ | o yurdet
Iav.l-.ens g!'ﬁfﬂl’!‘g%?g!‘ e alt 4 ._~ w
.‘n&‘qfhgi‘.{ 55555 V0 S A T J.)b;a_a%l;%,‘& protect the
TEGONCAL PUBLICATINS . An up Doses e wrusedorin & header 2 .
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L S aC)- . \\-.J‘n\ p

\...(_. yNOUs A—\.—_  Cor T ney e
o b ik, dars
- *\ ous mm\w‘ : \\\..-,v\. ;
nel Control
HOT Qm‘ a “N‘h.‘h..«% can be -

) %Uﬂmgh\ﬁ_.. and mains. e

i3 namtenanc
re tWO major states :
dby : The default state. This is ;
\m_.) ot MW power 2t i ik <

By Te native

tl—
- “.,,.\c_ on ; The device is connected

field. For voice payloads, no header is defined.
: For all of the ACL packe
?gﬁg&tg}-gt% s
L.;Mﬁhln%l%ii&?ﬂg
Q\,[[ﬂn)ﬁﬁgg.‘%aﬂu%&_i packet, ;
| 16bit header s defined fox a mulisio packet e "N
2. Payload body : Contains user information
3. Bﬁﬁru@.&hnﬂhgtiaég%
; ’ except the AUX1 )
”“ﬂﬁﬂnl%ngﬁui?:onwnﬁmmnigm,vw&
oY) Ypically
. ?%E%ii&gg
uu L_CH : Identifies the logical channel
2. Flow : Used to control flow at the L2CAP
. level. (This is the
g - same on/g
u\ %, HWEEE?EEEE:B&QF~>QQM&NU\&
Length : number of of data in the i " \
| L bytes in payload, excluding the payload

Error Correction
« Bluetooth makes use of three error correction schemes
. a) 1/3 rate FEC
~ b) 2/3 rate FEC
e These i i |
error correction schemes are designed to satisfy competing requirements. M
_

The error correction
scheme must be adequate to c with the i
unreliable wireless link but must also be st li mﬁnoMm.. ; e erently
other, either commands
The sub-states are

[T Logical Channel
i link controller are used.

o Bluetooth defines five of £ .
%%E‘E%: = logical data channels designed to carry different . :
1. Link Control (LC) : Used ger or internal signals in the
interface. The LC n_saﬁ_ Sl 4 the flow of packets over the link
carries low-level link 8:5%.%““ o 0 the packet header. This channel
characterization. rmation like ARQ, flow control, and vm<_oma
2. Link Manage: (LM)
iy : Transports i ) )
participating stations. link management information between

Fig. 5.3.1 Bluetooth state transition diagram
4 tn add new slaves to a

_states that are useC .
from the Bluetooth

o Used by the master to actvate and connect t0 2 slave. Uses the slave
jiee access code (DAC)
age s 5 =12 : ith i O§U>ﬁ.
B scan : Device is listenin 158
. e A device acting s 8 IS m to the page state
The device can now ente
 page for other slaves.

—
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Bluotooy,
— 2o

Master,
_._m:iao

4. m—-ﬂ%“.»ma&ou-&:w-u-u_-ﬁn&voauamvsmn from o
If connection setup succeeds, the device enters the connection state; o
it returns to the page scan slate.

5. Inquiry : Device has issued an inquiry, to find the identity of the deviceg
within range.

6. Inquiry scan : Device is listening for an enquiry

7. Inquiry response : A device that has issued an inquiry receives ap EAE.J..
response.

[EEX3E Bluetooth Audio

e The baseband specifications indicate that either of two voice encoding schemeg can
be used :
1. Pulse Code Modulation (PCM)

2. Continuously Variable Slope Delta (CVSD)

ﬂ—.onwm

inction

[EEXT Bluetooth Security

e The Bluetooth baseband specifications defines a facility for link security between
any two Bluetooth devices, consisting of the following elements:
1. Authentication.

2. Encryption (Privacy).

3. Key management and usage.
e The security algorithms make use of four parameters:

1. Unit address : The 48-bit device address, which is publicly known.
2. Secret authentication key : A secret 128-bit key
3. Secret privacy key : A secret key of length from 4 to 128 bits
4. Random number : A 128-bit random number derived from a pseudorandom
generation algorithm executed in the Bluetooth unit.
* The two secret keys are generated and configured with the unit and not disclosed.
The purpose of authentication is to verify the claimed identity of one of the two

Bluetooth devices involved in an exchange. User information can be protected by
encryption of the packet payload.

EEXH Link Manager Specifications

GTU : May 2012

* The Link Manager carries out link setup, authentication, link configuration and
other protocols. It discovers other remote LM's and communicates with them via

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Manager Protocol esge
\, which are sent from one devi i el oy
slot packets and the payloag he
ures defined for [ Mp are

involves the exchange of one or
or with the PD

_In_rand, au_rand, sres, comb

TECHNICAL PUBLICA

Ntially COnsists
Ce to an

other,
ader ig - PDUs are

therefore one byte,
8rouped inty 54

more _.Squ.ﬁmmmmum. T

Accepted, not_accepted
Security Seryice
au_rand, sres

_key, _.E;'rm.«‘
comb_key

temp_rand, temp_key, use_semi_permanent_key

Time/synchronization

ik nchmmnln‘m@:nFommﬁunﬁ
) slot_offset

timing_accuracy_req,
timing_accuracy_res
Station Capability
version_req, version_res
features_req, features_res
Mode Control
switch_req

name_req, name_res

detach

ro_ahroau_.wm Mt Rt o

sniff, sniff_req, sniff_res
o park_set, mmﬁvnemnnmmFsiaoﬁ

park_req,
modify_beacon, :bum_.rnwzl»»cownnﬁ\
::wm«rlmokyocwnii s Rlioe e
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(protocol Data
always gen; as

: Functiona| areas, each of
Us involved jn each areg able 54.1 [igts these areag




e Blustoogh
[

B |

i

Table

5.4.1 LMP PDUs

B fﬂm
e In the IEEE 802 specification, L2CAP provides a link layer protocol between
~ entities across a shared-medium network. It also provides a number of services
and relies on the baseband layer for flow and error control.
e L2CAP makes use of ACL links; it does not provide support for SCO links.
- L2CAP provides 2 alternatives of service to upper-layer protocols using ACL links:
" 1. Connectionless service : This is a reliable datagram style of service.

2. Connection-mode service : This is similar to the service offered by HDLC. A
logical connection is set up between two users exchanging data. Flow and
error control are provided.

o L2CAP provides three types of logical channels :

1. Connectionless : Supports the connectionless service. Each channel is

cti and is used for broadcast from the master to multiple slaves.

2 ﬂolbo&enuo&nba& : Supports connection oriented service. Each channel is
full duplex. A quality of service flow specification is assigned in each direction.

3. Slpmallisg s Provides for the exchange of signalling messages between L2CAP
entities.
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- e
,,vuoxoﬁ /

i — Bluetooth
| shows the format of 1
: CAP Packets:

/

,\,“ o) o
ngth Channel ID bsii 010 65533
Informa
¢ Amv alion
9 2
: 01c 655
ngth Channel ID 35
— Information
. ©
2 2
ength Channel ID 1@
= (c)
J 2 20

B Iden- J
% ;.:ﬁ—m—. —lm_.—@:.. Data

(d)

>AP Packet Format. (a) Connectionless PDU. (b) Connecti i
(c) Signalling command PDU. (d) ooaswswa mo_.___su» R 0L

.wnogmnmoammm Euds?mmo:oi:mmmﬁwmacm&..
ength: Length of the information payload plus PSM fields in bytes
hannel ID: A value of 2 indicating the connectionless channel.

col/Service multiplexer (PSM): Identifies the higher layer recipient for the
.,,...%wown in this packet.
nformation payload: Higher layer user data. This field ma
ytes in length.
ction oiwn”mm packets have the same format as connectionless .vwnrmﬂm‘ U%M
bt the PSM field. The PSM field s not neded beceis® o s o
2 ;_m%m—. recipient of the data. The information payload field may

5 bytes is length.
palling commands
jon-oriented packets. In

channel, The payload of 2
AP commands, each of which consists
mu.onn . Identifies the type of comman

v.. Ap 1D thys! 10

y be up to 65533

as the

same header format
CID value 1S 1,
packet consists O

packets have the

the indicating the
this case

{ one or more

X
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2 Euisguiaﬂ.ﬁ.{%gaﬁﬂnxﬁ
this field and the responding device uses the same e e A
different identifier must be used for each original command.

3. Length : Length of the data field for this command in bytes

4 Data : Additional data, if necessary, relating (o this command.

e There are eleven commands in five categories (Tabl 3j. The command reject
Enﬂgvuuﬂumn%sm@.anﬁﬁ? to reject it. Reasons for
rejection include invalid CID or length exceeded. . :

1 Connection Commands : Used to establish a new logical connection.

2 %Enggaggnb%_%ggﬁg
ggggogﬂ&mﬁﬂﬂsnﬁﬁmom&mgngqgﬁirﬂﬁcﬂ

3. Disconnection Commands : Are used to terminate a logical channel.

4. gguggaggnggngssgm?
ggﬂuﬁm%:ﬁmagmmﬁggvgmiw
vendor-specific information using the optional data field.

5. Information Commands : Are used to solicit implementation-specific

information from a remote L2CAP entity.

mamu,» Description s Parameters

: Command reject R e el
Conpection request _PSM Source CID_

: nﬂ&mﬂn request ‘. i : Uﬂm:»co:nnu\ Flags, Options

., : Configure response Source CID, Flags, Results, Options
-  Disconnection request  Destination CID, Source CID

: b gL  Edho o e U 5 Unﬁ%% |

Reodne oo .. ' Data (optional) e

~ Ox0A e”_.mousmmg o i A Info Type T
_ OB infomadon respore B Ferit Dx optiona) |

Table 5.5.1 L2CAP signalling command codes.
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Peak bandwidth (bytes/second

) : Limits how fast
back-to-back from applications. packets may be sent

Fug ,Eﬂowon.oﬁnmw ¢ Is the maximum acceptable delay between
transmission of a bit by the sender and its initial fransmission over the air.

Delay variation (microseconds) : Is the difference between the maximum and
minimum possible delay that a packet will €xpeTience.

, Tm_ﬁ What is Bluetooth ?

|'Ans. : Bluetooth is a wireless technology standard used to exchange data over short
i ,:,_Mmm..“ ices. The data is exchanged from fixed and mobile devices by creating Personal

| Area Network with security at high level.

0gy protocols for allowing one 'master’ device to interconnect with up to seven
slave' devices. Further, up to 255 slave devices could be inactive or packed and
_ f\g device can bring into active status at any given point of time.
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~ Layout, The FrameLayout Layout, Using the TextView,
CheckBox, ImageButton, RatingBar, The options

Introduction to Android OS
i 8 \ndroid APIs
Android Architecture

~ Developing Android Applications
Mapping Applications to Processes
Managing of App

 Layouts

- Toolbox
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Multiple Choice Questions
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‘4 Menu,
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X} introduction to Android OS

Androjq
g, ]

Android is an —source software development platform for Creating Mobile
i ; open

lications.
. Mﬂﬂaﬁwgowﬂ;o%%uamﬁnx&ﬁg&of

g . Linux operating system kernel that provides |y,
L @H«i@mﬂmﬁnﬁh ware, memory management and process contro],

2. Middleware : A run time to execute Android applications.

mobile applications : Email, SMS, PIM, web browser and etc.
e with API libraries for writing mobile applications
- “ﬂ'ﬂoﬁﬁ libraries such as SQLite, WebKit and OpenGL ES.

s The components of the underlyi
are built for Android in Java. Even
the built-in applications are written
in Java.

e An important feature of the
Android platform is that there's no
difference between the built-in
applications and applications that
is create with the Software
Development Kit (SDK).

o Android is only a software. By
leveraging its Linux kernel to
interface with the hardware,
Android runs on many different
devices from multiple cell phone
manufacturers. Developers write
applications in Java.

Android
software
environment

Custom
applications
in Java

Dalvik virtual
maching

Linux kernel

o The Android software environment and hardware it runs on is shown in

I®3 Android APIs

e Android offers a number of APIs for developing your applications. The 8:95@
list of core APIs should provide an insight into what's available; all Android

devices will offer support for at least these APIs :
1. androidutil - The core utility package contains lo >
specialized containers, string formatters, and XML parsing utilities.
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leye|

Fn_c&sw

g OS are written in C or C++, user applicationg

Fig. 6.1.1 Android environment

Fig. 6.1.1.

w-level classes like

Mobile Compuling and Wireless Communication g

2. android.os - The Operating s

3

4. android.text -

9. com.google.android.maps -

-3

Android
: ystem package provides access t 5i i
system services like message pa Rl

functions and debugging.

58INg, interprocess communication, clock

droid. ehan W ;
H.. »no_m graphics - The graphics API supplies the low-level graphics classes
at support canvases, colors and drawing primitives and lets you draw on
canvases.

The text processing tools for displaying and parsing text.

android.database - Supplies the low-ievel classes required for handling cursors
when working with databases.

android.content - The content API is used to manage data access and
publishing by providing services for dealing with resources, content providers
and packages.

android.view - Views are the core user interface class. All user interface
elements are constructed using a series of Views to provide the user interaction
components.

8.

android.widget - Built on the View package, the widget classes are the "here's
one we created earlier"

user-interface elements for you to use in your
applications. They include lists, buttons and layouts.

A high-level API that provides access to native
map controls that you can use within your application. Includes the MapView

control as well as the Overlay and MapController classes used to annotate and
control your embedded maps.

10. android.app - A high-level package that provides access to the application

model. The application package includes the Activity and Service APIs that
form the basis for all your Android applications.

11. android.provider - To ease developer access to certain standard Content
Providers (such as the contacts database), the Provider package offers classes to
provide access to standard databases included in all Android distributions.

12. android.telephony - The telephony APIs give you the ability to directly
interact with the device's phone stack, letting you make, receive and monitor
phone calls, phone status and SMS messages.

13. android.webkit - The WebKit package features APls for working with

] t, ] . i trol for embeddi sers in
Web-based content, including a WebView control for embedding brow
your activities and a cookie manager.

TECHNICAL PUBLICATIONS = An up thrust for knowiedge

D— |



A :.. Nv—vwnmﬂa!m‘ . .aﬂmlgﬂwﬂimﬂgg&.gnggi
.Ewsm hone " y iteract with this layer (for basic functions, such
I8 phone calls, accessing the Web browser eic).

» The lavers further down 2ccessed )
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'a) SMS client 2pp cif

Framework
ication Framework : The application framework provides the classes used to
Eaﬂmvvmnwg.:%mﬂoq&mugg?g(%
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Andiojy

..a.ﬁ Android application framework provides everything necessary 10 implemy,
~ your average application. The Android application lifecycle involves the followiy,
. h mfw >ﬁ$q;ﬂ-ﬁwﬁ - Controls all aspects of the application lifecycle and activiy

stack,
2. Conient Providers - Allows applications (o publish and share data with o,
~ applications.
3. Resource ager - Provides access to non-code embedded resources such,
strings, color settings and user interface layouls.

4. Notifications Manager - Allows applications to display alerts and notiticatio,

5. View System - An extensible set of views used to create application g
interfaces.

« The Android application framework includes traditional programming constructs,
“such as threads and processes and specially designed data structures |
encapsulate objects commonly used in mobile applications. Developers can rely op,
familiar class libraries, such as java.net and java.text. Specialty libraries for tagkg
such as graphics and database.

~* Android applications can interact with the operating system and underlying
hardware using a collection of managers. Each manager is responsible for keceping
the state of some underlying system service. For example, there is
- LocationManager that facilitates interaction with the location-based services
M, ~ available on the handset. The ViewManager and WindowManager manage user

interface fundamentals. Applications can interact with one another by using or
acting as a ContentProvider.

a8

* Built-in applications such as the Contact manager are content providers, allowing

third party applications to access contact data and use it in an infinite number of
ways. The sky is the limit.

XA Application Conpoients

¢ Applicavon components are the essential building blocks of an Andioid
application. These coinponents are loosely coupled by the application maniiest file

AndroidiManiresc.anl that describes each component of the application aud how
they interact.
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..1 ore ate following
- aplication :

Every application must have

,wznpao_g to the Android sysle

It describes the components of the

puling 33@_@3‘32 Communicatinn A

o &

Anciroid

four main Componen

Am -
that can be used within an Android

Deacrintion
They dictat
e the U] 4
ROTOON nd handle the user interaction 1o the smart phone
They handl
e backg, :
Sround processing ansociated with an application

cO icaki
Ommunication between Android 08

'~ They handle data ang database

They handle
and applications

management lssues.

: h Manifest File

an  AndroidManifest xm| f

e . d ile (with precisely that
me) in its root directory. The manifest presents essential information about the
m, information the

SR system must have before it can
any of the application's code,

Among other thing .
gs, the manifest does the
llowing :

. _ It names the Java package for the application. The

e package name serves as a
unique identifier for the application.

application - the activities, services,
broadcast receivers, and content providers that the

application is composed of,
It names the classes that implement cach of the

components and publishes
their capabilities (for example, which Intent messages they can handle). These

. declarations let the Android system know what the components are and under

what conditions they can be launched.
It determines which processes will host application components.

It declares which permissions the application must have in order to access
protected parts of the API and interact with other applications.

It also declares the permissions that others are required to have in order to
interact with the application's components,

It lists the Instrumentation classes that provide profiling and other information
as the application is running. These declarations are present in the manifest
only while the application is being developed and tested; they're removed
before the application is published.

It declares the minimum level of the Android API that the application requires.
It lists the libraries that the application must be linked against.

TECHNICAL hCmZO\»ﬂ_OZw:, An up thrust for knowledge
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install this plug-in, see htip:/, i sdk/eclipse-adt.html.
e Although this tool is optional for development, but it is highly recommend to
install it.
. .:8 Android SDK comes with five major components : the Android SDK License
. Agreement, the Android Documentation, Application Framework, Tools and
Sample Applications.
EX3 Exploring the Development Environment

e Devel G have several choices when it comes to integrated development
BSBR.W ﬁUw.uhv. Many developers choose the popular and freely available
Eclipse IDE to design and develop Android applications.

° Eﬁwu is z-m most popular IDE for Android development, and there is an
Android plug-in available for facilitating Android development.

* Android applications can be developed on the following operating systems :

* Windows XP (32-bit) or Vista (32-bit or 64-bit)

® Mac OS X 10.5.8 or later (x86 only)

* Linux (tested on Linux Ubuntu 8.04 LTS, Hardy Heron)

Most devel :

(IDE) for hﬂnn“m:” ..Mn popular Eclipse Integrated Development Environment

the Android develo o .._.ds Android development team has integrated

are not constrained ann.n Bo_m. tly into the Eclipse IDE. However, developers
to using Eclipse; they can also use other IDEs.
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D A — i Android
droid Development Tools

.« ous Android development tools arp -

= Android SDK

z )b&oa Software Om<m_ov3n2 Kit (Android SDK) contains

Js to create, compile and package Andr
oid
and line based. id applications. Most of

the necessary
these tools are

way to develo
- n_mbmvhnmmm. P _Android applications is based on the Java

Sroid SDK can be freely downloaded from Android website.

2 Android Debug Bridge (ADB)

e Android SDK contains the Android Debug Bridge (ADB), which is a tool that
allows you to connect to a virtual or real Android device, for the purpose of
‘managing the device or debugging your application.

==% Android Developer Tools and Android Studio

o Google provides two Integrated Development Environments (IDEs) to develop
‘new applications.

Android Developer Tools (ADT) are based on the Eclipse IDE. ADT is a set of

mponents (plug-ins), which extend the Eclipse IDE with Android development

~ capabilities.

o meoomwm also supports an IDE called Android Studio for creating Android

' applications. This IDE is based on the Intelli] IDE.

» Both IDEs contain all required functionality to create, compile, debug and deploy
.Vb&nowm applications. They also allow the developer to create and start virtual

. _."V-_ﬁnoa devices for testing.

!
I
|
|
!
!
!
|

&Y Dalvik Virtual Machine (DVM)
= Ry 22

the Dalvik virtual machine with just-in-time compilation to run

o g&oﬁ uses
i i e, which is usually translated from Java byte code.

) r E %ém c .

' According to Google's Android docun i . the Dalvik <§E _mA ammhw

44 nterpreter-o virtual machine t executes files in Executable (. <
- format, a format that is optimized for efficient storage and memory-mappa

~ execution.
Do
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SDK Features

t features of Android SDK are as under,

%@ distributions or development fees or release approval processes.
ultimedia hardware control,

c?_. using sensor hardware including accelerometer and the compass,
3 for location based services.

Al oid Inter-Process Communication (IPC).

: d data storage,

ound applications and processes.

» screen widgets, live folders,

WebKit-based web browser,

A, BDGE and 3G networks for telephony and data transfer.

» Android SDK includes development tools which helps compile and debug

PP:

roid emulator shows how app will look and behaviour on a real Androld
e,

ng Applications to Processes

relies on Linux for process management and the application tself runa In
e of the Dalvik VM.

3 might need (o unload or even kill, an application from time to time o
odate resource allocation demands.

tom wses a hierarchy or sequence to select the vietim during shortage of

TECHNICAL PUBLICATIONS™ At up. (hrvat for knowledge




6-12

 Mobile Computing and Wireless Communication Antiroig

'« The rules followed by system are: o
1. Visible or running activities will be given fop priority.
o » +ble. non-running activities are important, because they're recently Pauseq
" and are likel to be resumed shortly.
: 5 Nt priority is for running services.
N ﬁ.uu_ ost likely termination processes are the processes that are empty (loadeq
e ‘ 5 y dor vnnmann-gno.omnrnﬁ purposes) or processes that have dormant
- activities.
XT3 Managing of App
EIEN Performance of App
‘e Performance of app plays important role in getting 5 star rating in g

‘marketplaces like playstore, app store or windows store.

If application takes more than 10 seconds to load then it will not be used by users,
If application takes too long time to process data then it will not be used by users.
If application takes too long time to switch between screens then it will not be
used by users.
The performance of app is important factor which decides the success of app.
Improving Performance of App

o Understand your target device. Most developers forget about device, they classify
. device based on operating system, but forget about configuration of devices.

- Always classify devices based on specification sheet. Try developing apps based
on low specification mobile which will automatically run in all mobiles.

¢ Understand your tools. Try to understand the tools that are used to develop the
mobile app. Better understanding of tools helps to make important architectural
design. Example - Understanding about phone gap helps to develop app for
multiple platforms.

U GE core concepts of the language used to build app. Understanding core
m.nomu.mnﬁﬁﬁ language used to develop app will help to avoid performarnce
issues. Example - A extra string comparison in jscript will surely reduce the
performance.

” M:nhﬂ“—.gn the library. Try to understand the library used in tools. If you simply
i ...&n party methods for simple operation then it will increase battery usage

uce the performance. Always use standard codes for simple task.

o

.
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Modifiability of App g e i

ghany bugs arise after launch then it is e,

\, hanging everything in code, Sy to modify the unit instead of

¢ ,.M&m n.ao&bm_u_rn.% quality of a system can be expressed in terms of cohesion and
upling. Coupling measures the mutual association strength between the system's
ftware components. Where cohesion, on the other hand, is a measure \mon the

ﬁ..ﬁn_wma of internal relationships between the responsibilities of a software
~ component.

=%} Availability of App

| Today mobile users are travelling across multiple cell sites which frequently
disturb the wireless internet connectivity to mobile.

o This interruption should not affect the mobile app. It is possible to achieve high
ailability by effectively managing offline data. High availability can be provided
* by giving effective synchronization mechanism.

m«ww‘.a Security

‘Mobile apps should satisfy stringent requirements for data security and privacy.
Em is no longer the exclusive domain of the enterprise : Organizations of every
~ size and function are subject to mounting ethical and legal pressure to control and
protect the information under their purview.

.macnmmn% responsibility and internal and external policies exist to govern what
organizations must do in this regard, from data storage to disaster recovery,

. encryption to secure updating.
‘s By definition, internet access and mobil
' including but not limited to the apps that run on them.

e devices carry inherent security risks,
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child on Sﬂ.

er vertically or
e a horizontal

. layout of your
, describing a

suppli
upplies a toolbox of tandard Views to heip you create simple interfaces.
your development and provide i 7 i

d read only text label Jt support Jtili : :
tomatic word wrapping, Sopten ; g

Ononvmsﬁﬂ.mmﬁﬂ&gmﬂng&ﬁgﬁaB&%Fw%

wbwmmrdﬁwﬂbamagﬁnia.uvﬂvdnﬁgﬂ?n&ggw&
using a Text View for each item.

osite control that displays a TextView and an associated ListView that lets
an item from a list to display in the textbox. It's made from a

iew displaying the current selection, combined with a button that displays a
n dialog when pressed.

d push-button
fate button represented with a checked or unchecked box

ate grouped buttons. Presents the user with a number of binary options of
which oniy one can be selected at a time.

WMenus

offer a way to expose application functions without mwgmobm valuable
space. Each activity can specify its own activity menu that's dispiayed when
device's menu button is pressed.
ia also supporis context menus that can be assigned to any Sm,.a within an
. A View's context menu is triggered when a user holds the middle D-pad
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A Android
i 3. Submenus

button, depresses the trackball or longpresses the touch screen for around
3 seconds when the View has focus.

e Activity and context menus support submenus, checkboxes, radio buttons, shortcyt
keys and icons.

e To improve the usability of application menus, Android features a threestage
menu system optimized for small screens :

e The traditional "expang: :
e, 50 it's no MSM“MW ”mmu..n.?.nm_ tree” can be awkward to navigate using a
| B e devices, at this metaphor is particularly ill-suited for use on
e The Android alternative ; :
e B e o cmmw<Mm~_mmn%o Q.mﬂ_mw each submenu in a floating window. For
. ;
B s, it oy el &mv_m: menu such as the creatively labeled Submenu

1. The Icon Menu Fig. 6.13.1. ayed in a floating menu Dialog box, as shown in
e This compact menu appears

along the bottom of the AW

screen when the Menu Submenu | M . item1|Menu ltem 2 Ty

button is pressed. It ® s

(or submenus).

e This icon menu does not display checkboxes, radio buttons or the shortcut keys
for Menu Items, so it's generally good practice not to assign checkboxes or radio
buttons to icon menu items, as they will not be available. If more than six Menu
Items have been defined, a More item is included that, when selected, displays the
expanded menu. Pressing the Back button closes the icon menu.

2. The Expanded Menu

° ﬁﬁgﬂﬁﬁgﬂwammﬁ&igmgm&maEQZoBZmzﬁHHB?oB
the icon menu. The expanded menu displays a scrollable list of only the Menu

O Radio 1
O Radio 2
O Radio 3

4 Fig. 6.13.1
ET1 Multiple Choice Questions
e o Qa1 What is Android ?

|

Ttems that weren't visible in the icon menu. This menu displays full text, shortcut i \a| Android is a stack of software's for mobility
keys and checkboxes/radio buttons as appropriate. ‘4 m Google mobile device name
@ Virtual machine
@ None of the above [Ans. : a]
Menu ltem 5
Explanation : Android is a stack of software applications for mobile devices, which
Menu ltsm 6 g _includes an operating system, middleware applications and some key applications. It
T W = | executes within own process and own instance of Dalvik Virtual Machine. DVM

executes byte code and later transforms into .dex format files.

(1] checkBox
@ Radiobutton 1

_ - |Q2 What are the layouts available in android ?

‘W Linear Layout b Frame Layout
= ) o
@ Radiobutton 2 % Table Layout 'd Relative Layout
|e| All of above [Ans. : e]

° Radiobutton 3

_m. Explanation : Android is having Linear Layout(Horizontal and Vertical), Frame
| Layout, Table Layout and Relative Layout.
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