
Wi l C i tiWireless Communications
(SECTION A PART I)(SECTION A PART I)

INTRODUCTION TO WIRELESS COMMUNICATION SYSTEMS
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FEATURES OF PAGING SYSTEMFEATURES OF PAGING SYSTEM
FEATUREFEATURE MOBILE UNITMOBILE UNIT BASE STATIONBASE STATION

COVERAGE RANGECOVERAGE RANGE HIGH HIGH

REQUIRED INFRAREQUIRED INFRA-- HIGH HIGHREQUIRED INFRAREQUIRED INFRA
STRUCTURESTRUCTURE

HIGH HIGH

COMPLEXITYCOMPLEXITY LOW HIGH`
HARDWARE COSTHARDWARE COST LOW HIGH

CC G GCARRIER CARRIER 
FREQUENCYFREQUENCY

< 1 GHz < 1 GHz

FUNCTIONALITYFUNCTIONALITY RECEIVER TRANSMITTERFUNCTIONALITYFUNCTIONALITY RECEIVER TRANSMITTER
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FEATURES OF CORDLESS PHONE SYSTEM
FEATURE MOBILE UNIT BASE STATIONFEATURE MOBILE UNIT BASE STATION

COVERAGE COVERAGE 
RANGERANGE

LOW LOW
RANGERANGE

REQUIRED INFRAREQUIRED INFRA--
STRUCTURESTRUCTURE

LOW LOW

COMPLEXITYCOMPLEXITY MODERATE `LOW

HARDWARE COSTHARDWARE COST LOW MODERATE

CARRIER CARRIER 
FREQUENCYFREQUENCY

1-3 GHz 1-3 GHz

FUNCTIONALITYFUNCTIONALITY TRANS-RECEIVER TRANS-RECEIVER
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Cellular System Engineering
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Advantages of Dynamic Channel 
iAssignment Strategy

• Reduces likelihood of blockingReduces likelihood of blocking

• Increases Trunking Capacity of System
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Handoff StrategiesHandoff Strategies

• When a mobile moves into a different cell while a conversation is in 
h MSC i ll f h ll h lprogress, the MSC automatically transfers the call to a new channel 

belonging to the new base station.

• Handoff operation
– identifying a new base station

– re‐allocating the voice and control channels with the new base station.

• Handoff Threshold
– Minimum usable signal for acceptable voice quality (‐90dBm to ‐100dBm)

– Handoff margin                                                cannot be too large or too 
small.

PPΔ– If         is too large, unnecessary handoffs burden the MSC

– If         is too small, there may be insufficient time to complete handoff 
before a call is lost. 

usable minimum,, rhandoffr PP −=Δ

Δ
ΔΔ
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Handoff Strategies
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Handoff Strategies
H d ff t th t th d i th d i l i t• Handoff must ensure that the drop in the measured signal is not 
due to momentary fading and that the mobile is actually 
moving away from the serving base station.

• Dwell time: the time over which a call may be maintained 
within a cell without handoff.

• Dwell time depends on
i– propagation

– interference
– distance
– speed
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Practical Handoff ConsiderationPractical Handoff Consideration

• Different type of usersDifferent type of users
– High speed users need frequent handoff during a call.

– Low speed users may never need a handoff during a call.

• Microcells to provide capacity the MSC can become burdened if high• Microcells to provide capacity, the MSC can become burdened if high 
speed users are constantly being passed between very small cells.

• Minimize handoff intervention
handle the simultaneous traffic of high speed and low speed users– handle the simultaneous traffic of high speed and low speed users.

• Large and small cells can be located at a single location (umbrella cell) 
– different antenna height

diff t l l– different power level

• Cell dragging problem: pedestrian users provide a very strong signal 
to the base station 

Th l d i hi i hb i ll– The user may travel deep within a neighboring cell
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COVERAGE &CAPACITY EXPANSION 
TECHNIQUES

1. To obtain additional spectrum for new subscribers 
but this is expensive approachbut this is expensive approach.

2. Change the cellular architecture.

3. Change the frequency allocation methodology.

4. Change the Modem and Access technology.g gy
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Cell splittingCell splitting
• Need of Cell Splitting:Need of Cell Splitting:

As no. of subscribers increase within a given area,

the no. of channels allocated to a cell is no longer

sufficient for supporting the subscriber demandsufficient for supporting the subscriber demand.

It becomes necessary to allocate more channels

to the area that is being covered by this cell. This

b d b CELL SPLITTINGcan be done by CELL SPLITTING.
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MAXIMUM TRAFFIC LOAD

• MAXIMUM TRAFFIC LOAD:MAXIMUM TRAFFIC LOAD:

The point when a cell reaches maximum 
capacity occurs when the no of subscriberscapacity occurs when the no. of subscribers 
wishing to place a call at any given time equals 
no of channels in the cellno. of channels in the cell.
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CELL SPLITTINGCELL SPLITTING

• Cell Splitting is the process of subdividing aCell Splitting is the process of subdividing a 
congested cell into smaller cells each with its 
own base station and corresponding reductionown base station and corresponding reduction 
antenna height and transmitter power.

• It increases the capacity of the system since it• It increases the capacity of the system since it 
increases the no. of times the channels are 
reusedreused
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Cell splittingCell splitting

MEEC‐508



Cell splittingCell splitting

• Smaller cells are added in such a way toSmaller cells are added in such a way to 
preserve the frequency reuse plan of the 
system for e g Microcell base station labeled Gsystem for e.g Microcell base station labeled G 
is placed exactly half way b/w two large 
stations using the same channel set Gstations using the same channel set G
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Illustration of cell splittingIllustration of cell splitting
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Cell splittingCell splitting

• New cell radius=Old cell radius/2New cell radius=Old cell radius/2

• New cell area=Old cell radius/4

f h ll i h i• If each new cell carries the same maximum 
traffic load of the old cell then

• New Traffic Load /Unit Area=4(Old Traffic Load 
/Unit Area)
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Problems ArisingProblems Arising 

• Let transmit power of BS of smaller cell isLet transmit power of BS of smaller cell is 
same as that of larger cells.

• Radius of new cell=R/2.Radius of new cell R/2.
• Maximum distance the mobile can be from BS 
of this cell is R/2.of this cell is R/2.

• FOR SMALLER CELL:Although the distance b/w 
this cell and any co‐channel larger cell isthis cell and any co channel larger cell is 
reduced by half the value of Signal to Noise 
ratio remains the same.
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Cell splittingCell splitting

• FOR LARGER CELL: Signal to Noise ratio is notFOR LARGER CELL: Signal to Noise ratio is not 
maintained because co‐channel reuse ratio for these 
cells is now D/2R with respect to smaller cell.

• In order to maintain the same level of interferences 
the transmit power of the BS in the smaller cell 
should be reduced but these will increase the 
interference observed by the mobiles in the smaller 
cellcell.

D/R is the co channel ratioD/R is the co‐ channel ratio
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• Transmission power reduction from to1P 2PTransmission power reduction from       to 

• Examining the receiving power at the new and old cell 
boundary

1tP 2tP

n
tr RPP −∝ 1]boundary cell oldat [

n
tr RPP −∝ )2/(]boundary cellnew at [ 2

• If we take n = 4 and set the received power equal to each 
otherother

16
1

2
t

t
PP =

• The transmit power must be reduced by 12 dB in order to 
fill in the original coverage area.
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• The other method is to divide the channel allocated 
to cells labeled A into two parts those used by ‘a’ and 
th t d b ‘ ’those not used by ‘a’.

• The channels used by ‘a’ will be used in the larger 
cells only within the radius of R/2 from the centre ofcells only within the radius of R/2 from the centre of 
the cell so that cochannel reuse ratio is maintained 
as far as these channels are concerned. This is calledas far as these channels are concerned. This is called 
OVERLAID CELL CONCEPT where a larger macrocell 
coexists with a smaller microcell
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SECTORINGSECTORING

We know For a hexagonal geometryWe know For a hexagonal geometry

• D/R=(3N)1/2  & S/N is inversely proportional to 
D/RD/R 

• In Cell Splitting capacity or no. of channels per 
i i i d b d i h llunit area is increased by decreasing the cell 

radius & keeping cochannel reuse ratio D/R 
h dunchanged 
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SECTORINGSECTORING

• Another way to increase the capacity is to keep cellAnother way to increase the capacity is to keep cell 
radius unchanged and decrease D/R ratio.

• So Sectoring is the means to increase the channel g
capacity of a cellular telephone system by decreasing 
the D/R ratio while maintaining the same cell radius 

• Channels allocated to a cell are further divided into  
three parts(120 degree sectors) each used in one 

f llsector of a cell.  
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SECTORINGSECTORING

• In this approach first the S/I is improved byIn this approach first the S/I is improved by 
using directional antennas, then capacity 
improvement is achieved by reducing the noimprovement is achieved by reducing the no. 
of cells in a cluster.

• However Relative Interference is reduced• However Relative Interference is reduced 
without decreasing the transmit power.
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SectoringSectoring
• Decrease the co‐channel interference and keep the cell radius R

unchanged
– Replacing single omni‐directional antenna by several directional antennas

– Radiating within a specified sector
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• Interference Reduction

position of the mobile

interference cells
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Sectoring

• By using directional antennas a given cell willBy using directional antennas a given cell will 
receive and transmit with only a fraction of 
available co‐channel cellsavailable co channel cells.

• In the example shown Consider the 
interference experienced by a mobile locatedinterference experienced by a mobile located 
in the rightmost sector in the center cell 
labeled ‘5’labeled  5

.  
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Sectoring

• There are six co‐channel cell sectors labeled ‘5’ threeThere are six co channel cell sectors labeled  5  three 
to its right & three to its left. Out of these six only 
two cells have sectors with antenna patterns which 
radiate into the centre cell.Hence  a mobile will 
experience interference on the forward link from 
th t t lthese two sectors only.  

• Hence Signal to Interference ratio is improved.

d d l f• By using 60 degree directional antennas no. of 
interfering cochannel cells reduces to one
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LEE’s MICROCELL ZONE CONCEPTLEE s MICROCELL ZONE CONCEPT

• In sectoring concept, Handoff is increased which g p ,
increases the load on the switching &control link 
elements of the mobile system.

h h l ll b h• In this concept there is only one BS per cell but there 
are three zone‐sites located at the corners of a cell.

• All the three zone sites act as receivers for signal• All the three zone sites act as receivers for signal 
transmitted by mobile terminal and connected to a 
single BS and share the same radio equipment.
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LEE’s MICROCELL ZONE CONCEPTLEE s MICROCELL ZONE CONCEPT
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LEE’s MICROCELL ZONE CONCEPTLEE s MICROCELL ZONE CONCEPT

• The BS determines which of the zone‐sites has the best 
reception from the mobile and uses that zone‐site to 
transmit the signal on the downlink.

h b l l h h ll d b• As the mobile user travels within the cell it is served by 
the zone with the strongest signal retaining the same 
channel.channel.

• Thus like in sectoring, a handoff is not required at MSC 
when mobile travels b/w zones within the cell. The BS 
simply switches the channel to a different zone site. 
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Digital Cellular‐What it offers from AnalogDigital Cellular What it offers from Analog

• Better QualityBetter Quality

• Improved Bandwidth Efficiency

f i C ll l h l• Use of Micro Cellular Technology to 
accommodate smaller cells

• Improved Frequency Reuse

• Error Detection and Correction Techniquesq
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Digital Cellular‐What it offers from AnalogDigital Cellular What it offers from Analog
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