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CELLULAR & MOBILE COMMUNICATION
(Professional Elective 2)

Course Objectives:

The student will be introduced to:

« Understand the basic cellular concepts like frequency reuse, cell splitting, cell sectoring
etc and various cellularsystems.

«  Understand the different types of interference s influencing cellular andmobile
communication.

« Understand the frequency management, channel assignment and variouspropagation
effects in Cellularenvironment.

« Understand the different types antennas used at cell site andmobile.

«  Understand the concepts of handoff and types ofhandoffs.

« Understand the architectures of GSM and 3G cellularsystems.

UNIT I

CELLULAR MOBILE RADIO SYSTEMS: Introduction to Cellular Mobile System,
uniqueness of mobile radio environment, operation of cellular systems, consideration of the
components of Cellular system, Hexagonal shaped cells, Analog and Digital Cellular systems.
CELLULAR CONCEPTS: Evolution of Cellular systems, Concept of frequency reuse,
frequency reuse ratio, Number of channels in a cellular system, Cellular traffic: trunking and

blocking, Grade of Service; Cellular structures: macro, micro, pico and femto cells; Cell
splitting, Cell sectoring.

UNIT I

INTERFERENCE: Types of interferences, Introduction to Co-Channel Interference, real time

Co-Channel interference, Co-Channel measurement, Co-channel Interference Reduction Factor,
desired C/I from a normal case in a omni-directional Antenna system, design of Antenna system,
antenna parameters and their effects, diversity receiver, non-cochannel interference-different

types.

UNIT I

FREQUENCY MANAGEMENT AND CHANNEL ASSIGNMENT: Numbering and
grouping, setup access and paging channels, channel assignments to cell sites and mobile units:
fixed channel and non-fixed channel assignment, channel sharing and borrowing, overlaidcells.
CELL COVERAGE FOR SIGNAL AND TRAFFIC: Signal reflections in flat and hilly
terrain, effect of human made structures, phase difference between direct and reflected paths,
straight line path loss slope, general formula for mobile propagation over water and flatopen

area, near and long distance propagation, antenna height gain, form of a point to pointmodel.
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UNIT IV

HANDOFF STRATEGIES:

Concept of Handoff, types of handoff, handoff initiation, delaying handoff, forced handoff,
mobile assigned handoff, intersystem handoff, soft and hard hand offs, vehicle locating methods,
dropped call rates and their evaluation.

UNIT V

DIGITAL CELLULAR NETWORKS: GSM architecture, GSM channels, multiple access
schemes; TDMA, CDMA, OFDMA.3G and 4G Wireless Standards GSM , GPRS , WCDMA ,
LTE , Wi-MAX, Introduction to 5G standards.

TEXT BOOKS:
1. Mobile Cellular Telecommunications — W.C.Y. Lee, Tata McGraw Hill, 2nd Edn.,2006.
2. Principles of Mobile Communications — Gordon L. Stuber, Springer International2nd
Edition,2007.
3. Advanced Wireless Communications-4G By. Savo G Glisic, John Wiley & Sons
Publication 2ndEdition

REFERENCES:
1. Wireless Communications — Theodore. S. Rapport, Pearson education, 2nd Edn.,2002.
2. Wireless Communication and Networking — Jon W. Mark and WeihuaZhqung, PHI,2005.
3. Fundamentals of Wireless CommunicationBy. David Tse and Pramod Viswanath,
Cambridge UniversityPress
Course Outcomes:
At the end of this course the student can able to:
¢ Identify the limitations of conventional mobile telephone systems; understandthe
concepts of cellularsystems.
e Understand the frequency management, channel assignment strategies and antennasin
cellularsystems.
e Understand the concepts of handoff and architectures of various cellularsystems.
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UNIT-1I

CELL COVERAGE FOR SIGNALAND TRAFFIC

SIGNAL REFLECTIONS IN FLAT AND HILLY TERRAIN

The ground incident angle and the ground elevation angle over a communication link are described as follows. The
ground incident angle 0 is the angle of wave arrival incidentally pointing to the ground as shown in Fig. 1.1. The

ground elevation angle is the angle of wave arrival at the mobile unit as shown in Fig. 1.1

Figure 1.1 Representation of Ground Incident Angle 8 and Ground Elevation Angle ¢

Based on Snell’s law, the reflection angle and incident angle are the same. Since in
graphical display we usually exaggerate the hilly slope and the incident angle by enlarging the vertical scale, as
shown in Fig. 1.2, then as long as the actual hilly slope is less than 100, the reflection point on a hilly slope can be
obtained by following the same method as if the reflection point were on flat ground. Be sure that the two
antennas (base and mobile) have been placed vertically, not perpendicular to the sloped ground. The reason is that
the actual slope of the hill is usually very small and the vertical stands for two antennas are correct. The scale

drawing in Fig. 1.2 is somewhat misleading however, it provides a clear view of the situation.

e,
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Fig 1.2 Ground reflection angle and reflection point
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CELLULAR MOBILE COMMUNICATIONS

PHASE DIFFERENCE BETWEEN THE DIRECT PATH AND THE REFLECTED PATH
Based on a direct path and a ground reflected path, the equation

2

1 4 g

1\
P, = Py (4-.rdlx)

where a, = the reflection coefficient
A& = the phase difference between a direct path and a reflected
path
P, = the tranamitted power
d = the distance
A = the wavelength

Indicates a two-wave mode! which is used to understand the path-loss phenomenon in a mobile radio
- ¢

environment. 1t is not the model for analyzing the multipath fading phenomenon. In a mobile environment av =

1 because of the small incident angle of the ground wave caused by a relatively low cell-site antenna height. Thus

i 2

2
P,-Po(m) Il-—cooA'b-joinM

P a1 - .-
Po Gy (1 = 008 88) = Py s nin? AT‘
where Ad = B Ad
and Ad is the difference, Ad =d, = d,, from Fig. 4.4
dy =~ VI TEF TR
and dy= Vih, <A+ &t

Since Ad is much smaller than either d, or d,,

2 kA
LT I Ad ~ el s
]
i hen the feeeived power of {l (4.9-3) becomes
e O
.8 4
P« P, .. sin' x..v.ﬂl,.’f:‘
iIia 1k ¥ i w Na1S {ARST w ) ida Pd
' ’ , then
i ek A 3Y ¢
P i \
i ! . - i
i I { A ] il /
. thus

$ i s ABtenna height gmia of 8 dH7vet)
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CELLULAR MOBILE COMMUNICATIONS

Where P is the power difference In decibels between two different path lengths and G is the gain (or loss) in
decibels obtained from two different antenna heights at the cell site, from these measurements, the gain from a

mobile antenna height is only 3 dB/oct, which is different from the 6 dB/oct , Then
. ! ( t Il ]
Ay biog /'

CONSTANT STANDARD DEVIATION ALONG A PATH-LOSS SLOPE

When plotting signal strengths at any given radio-path distance, the deviation from predicted value. is
approximately 8 dB.1012 This standard deviation of 8 dB is roughly true In many different areas. The explanation is
as follows. When a line-of-sight path exists, both the direct wave path and reflected wave path are created and are
strong. When an out-of-sight path exists, both the direct wave path and the reflected wave path are weak. In
cither case, according to the theoretical model, the 40-dB/dec path-loss slope applies. The difference between
these two conditions is the 1-mi intercept (or 1-km intercept) point. It can be seen that in the open area, the 1-mi
intercept is high. In the urban area, the 1-mi intercept is low. The standard deviation obtained from the measured
data remains the same along the different path-loss curves regardless of environment.

Support for the above argument can also be found from the observation that the standard deviation
obtained from the measured data along the predicted path-loss curve is approximately 8 dB. The explanation is
that at a distance from the cell site, some mobile unit radio paths are line-of-sight, some are partial line-of-sight,
and some are out-of-sight. Thus the received signals are strong, normal, and weak, respectively. At any distance,
the above situations prevail. If the standard deviation is 8 dB at one radio-path distance, the same 8d8 will be
found at any distance. Therefore a standard deviation of 8 dB is always found along the radio path as shown in
Fig.3

The standard deviation of 8 dB from the measured data near the cell site is due mainly to the close-in
buildings around the cell site. The same standard deviation from the measured data at distant locations is due to
the great variation along different around the cell site. The same standard deviation from the measured data at a

distant location is due to the great variation along different radio paths.

EE ' Page 44
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CELLULAR MOBILE COMMUNICATIONS
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MERITS OF POINT-TO-POINT MODEL

The srea 10-41ea mode) usually only provides an accuracy of prediction with a standard deviation of 8 dB,

which means that s percent of the sctual path-loss data are within the + 8 dB of the predicted value, The
UnCEIAInty range is 109 (arge, The point-to-point model reduces the uncertainty range by including the detailed

terrsin contour Information In the path-loss predictions,

The differences between the predicted values and the measured ones for the point-to-point model were

+ Inthe following discuss
area and the Camden. Philadelphia are

determined in many areas ion, we compare the differences shown in the Whippany, N.J.,

3. First, we plot the points with predicted values at the x-axis and the
% shown in Flg, 4. The 450 line s the
data from the Whippany area, and the crosses are d

measured values at the y-axi line of prediction without error, The dots are

313 from the Camden-Philadelphia area, Most of them, except
the one 5t 9 dB, are close to the line of prediction without error,

The mean value of all the data s right on the line of prediction without error, The standard deviation of
the predicted value of 0,8 dB from the measured one,

In other areas, the differences were slightly larger. However, the standard deviation of the predicted

value never exceeds the measured one by more than 3 dB. The standard deviation range Is much reduced as

compared with the maximum of 8 dB from area-to-area models. The point-to-point model is very useful for

designing a mobile cellular system with a radius for each cell of 10 mi or less. Because the data follow the log-

normal distribution, 68 percent of predicted values obtained from a point-to-point prediction model are within 2

to 3 dB, This point-to-point prediction can be used to provide overall coverage of all cell sites and to avoid co-

e
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channel interference. M
. Moreover, the occurrence of handoff in the cellular system can be predicted more

accurately.
The point-to-poi icti 2 ,
} p point prediction model is a basic tool that is used to generate a3 signal coverage map, 20
interference area m
ap, a handoff occurrence map, or an optimum system design configuration, to name 2 few

applications.
PREDICTION
WITHOUT ERROR
=
B
:
Fig.4. Indication of errors in point-to-point predictions under non obstructive conditions.
FOLIAGE LOSS
Foliage loss is a very complicated topic that has many parameters and variations. The sizes of leaves,
es, and trunks, and the height of the trees

ensity and distribution of leaves, branch

branches, and trunks, the d
shown in Fig. 5.1. There are three

nsidered. An illustration of this prvlem s

el, there is a distribution of sizes of trun
and leaves. The texture and thickness of

relative to the antenna heights all be co
ks, branches, and leaves

levels: trunks, branches, and leaves. In each lev
nks, branches,

y and spacing between adjacent tru
d and is beyond the scope of this book. For

and also of the densit
ue problem can become very complicate
| reception due to foliage loss does not ne
k, lose their leaves in winter, while others,
e trees. In summer the foliage is very heavy,

n addition, when the length of pine

the leaves also count. This uniq
ed any degree of accuracy.

stem design, the estimate of the signa
such as maple or 0d

such as pine, never
but

asy
Furthermore, some trees,
a, Georgia, there are oak, maple, and pin

ple trees fall and the pine leaves stay. |
alf wavelength at 800 MHz, a great de

dict the actual foliage loss.

do. For example, in Atlant

in winter the leaves of the oak and ma
al of energy can be

hes approximately 6 in., which is the h

needles reac
it is very hard to pre

absorbed by the pine trees. In these situations,

w_____________——______”________—————-—-'-—'—" s . Paet6
— Page 46
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CELLULAR MOBILE COMMUNICATIONS

y om design. In trople 10nes
However, a tough estimate should be sufficient for the purpose of systorn desig p +the ey,
e ' - s case, the signal vill pro,
tree leaves are so large and thick that the signal can hardly penetrate. In tnloicasd Propagatg froy,

v Lhis calculation also,
the top of the tree and deflect to the mobile recelver, We will Include th

o sclbels per foot or decibpfe
Sometime the foliage loss can be treated as a wire-line foss, In decibels | b5 per Mete,

in the path length is long and the 1. \
whvn\lwlnll.\nvIxunllormlyIu-nvyandlhvp.\(hImuﬂl‘h"l‘5"0”' When the p b B and the 'Oh-lgf_.,,‘ )

hon uniform, then decibels per octaves or decibels per decade are used. In general, foliage lose occurs yigp T€4pegy \
to the frequency to the fourth power, Also, at 800 MHz the foliage Lou along the radio path is 40 db/dec, vehich i
20 dB more than the free- space loss, with the same amount of additional loss for mobile communication-,‘
Therefore, If the situation Involves both follage loss and moblle communications, the total loss would be g d8/de,

(=20 4B/ dec of free-space loss + additional 20 dB due to follage loss + additional 20 dB due ¢, mobile
COmmunication),

ANV

slrey
O of
e ol STRuBoN of spacing
Yoaves, uniks, o branches of branches

Fig.5.1. A characteristic of foliage environment

This situation would be the case if the foliage would line up along the radio path, A foliage loss in a suburban area

of 58.4 dB/dec is shown in Fig.5.2. As demonstrated from the above two examples, close-in foliage at the

transmitter site always heavily attenuates signal reception, Therefore,
trees.

the cell site should be placed away from

ECE Page 47
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Flg.5.2. Follage loss calculation in suburban areas
SMALL SCALE MULTIPATH PROPAGATION

The multipath propagation of radio signals over a short period of time or to travel 3 distance is considered to be
the small scale multipath propagation. As every type of multipath propagation results in generating a faded signal
at receiver, the small scale multipath propagation also results in small scale fading. Hence, the signal at the
receiver is obtained by combining the various multipath waves. These waves will vary widely in amplitude and
phase depending on the distribution of the intensity and relative propagation time of the waves and bandwidth of

the transmitted signal.

The three fading effects that are generally observed due to the small scale multipath propagation are,

1. Fast variations in signal strength of the transmitted signal for a lesser distance or time interval.
2. The variations in Doppler shift on various multipath signals are responsible for random frequency
modulation

3. The time dispersed signals are resulted due to multipath propagation delays.
In order to determine the small scale fading effects, we employ certain techniques. They are,

D Direct RF pulse measurement
E Spread spectrum sliding correlation measurement.

F Swept frequency measurement.

The first technique provides a local average power delay profile.

The second technique detects the transmitted signal with the help of a narrow band receiver preceded by a

wide band mixer though the probing (or received) signal is wide band.

ECE
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i nain. By | i
The third technique is helpful in finding the impulse response of the channel in frequency domain. By knowing

: iver § nsmitter.
the impulse response we can easily predict the signal obtained at the receiver from the trans

G Direct RF pulse measurement

H Spread spectrum sliding correlation measurement.

I Swept frequency measurement.

The first technique provides a local average power delay profile.

The second technique detects the transmitted signal with the help of a narrow band receiver preceded by a wide

band mixer though the probing (or received) signal is wide band.

The third technigue is helpfyl in finding the impulse response of the channel in frequency domain. By knowing the

impulse response we can easily predict the signal obtained at the receiver from the transmitter.

EFFECT OF PROPAGATION OF MOBILE SIGNALS OVER WATER AND FLAT OPEN AREA

PROPAGATION OVER WATER OR FLAT OPEN AREA:

Propagation over water or fiat open area is becoming a big concern because it is Very easy to interfere with
other cells if we do not make the correct arrangements. Interference resulting from propagation over the water
can be controlled if we know the cause. In general, the permittivity’s Er of seawater and fresh water are the same,
but the conductivities of seawater and fresh water are different. We may calculate the dielectric constants g¢
where Ec = Er - j600). The wavelength at 850MHz is 0.35m. Then Eo (sea water) = 80 - 184 and Ec (fresh water)=80-
jO.021.

However, based upon the reflection coefficients formula with a small incident angle both the reflaction

coefficients for horizonta! polarized waves and vertically polarized waves approach 1. Since the 180 phase change

occurs at the ground reflection point, the reflection coefficient is -1. Now we can establish a scenario, as shown in

Fig 10.1 Since the two antennas, one at the cell site and the other at the mobile unit, are well above sea level, two
reflection points are generated. The one reflected from the ground is close to the mobile unit; the other reflected

from the water is away from the mobile unit. We recall that the only reflected wave we considered in the land

mobile propagation is the one reflection point which is always very close to the mobile unit. We are now using the

formula to find the field strength under the circumstances of 3 fixed point-to-point transmission and a land-mobile

transmission over a water or flat open land conditien,

© Pagedd
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Fig 10.1.A model for propagation over water

ission between the fixed stations over the water of

BETWEEN FIXED STATIONS: The point -to-point transmi

flat open land can be estimated as follows. The received power P, ca

n be expressed as (see Fig.10.2)

Direct wave

water or flat open land.

tween two fixed stations over

Fig 10.2.Propagation be

by
P.= P(kdlA)“'” exp(jAda)

- transmitted power
= distance between two stations

A = wavelength
a, 6, = = amplitude and phase of a complex reflection coefficient,
respectively

where P,

e M between the direct wave and the reflected wave, Of

rence caused by the path differenc

_¢is the phase diffe
21
Ab=PBAd= ~ Ad

/dec slope; that is, a 20-dB loss will be seen

The first part of i.e. the free-space loss formula which shows the 20 dB

010 km.

when propagating from 1t

9 .
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CELLULAR MOBILE COMMUNICATIONS "

The complex reflection co-efficient and can be found from the formula

o esing - (e - cos' )
i =
i e sin 6, + (¢, = cos? )"

When the vertical incidence is small, 8 is very small and

g,~-1 and 4,=0

It can be found from equation. Ec is a dielectric constant that is different for different media. The reflection
coefficient remains -1 regardless of whether the wave is propagated over water dry land, wet land, ice, and so
forth. The wave propagating between fixed stations is illustrated in Fig. 10.2. \

B [1 - cos A6 — j sin ASf \]

- r
@=dny
= P2 - 2 co8 A8)

since _¢ is a function of d and d can be obtained from the following calculation. The effective antenna height at

antenna 1 is the height above the sea level.
by =h + H
The effective antenna height at antenna 2 is the height above the sea level.

b=yt B,

As shown in Fig.10.2 where h1 and h2 are actual heights and Hland H2 are the heights of hills. In general,
both antennas at fixed stations are high, so the resection point of the wave will be found toward the middle of the

radio path. The path difference d can be obtained from Fig. 10.2 as
Ad = VIR + bF + & - Vi - BF + d?

Since d & h} and &}, then
(h'l-'rh;)'_ _(h{-h;)’ _ 2hiky
Y SRCES L.
Then
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MOBILE-TO-MOBILE PROPAGATlON

The two mobile units M1 and m» with velocities

. V1and V2 i in Fi that the
transmitted signal from i respectively are shown in Fig.11.1. Assume tha

s(t) = u(tye™
The receiver signal at the mobile unit M, from an ith path is

8; =ruit - ...‘)emm-u‘nxt-ww
where u(t) = signal
wy = RF carrier
r; = Rayleigh-distributed random variable
&; = uniformly distributed random phase
7; = time delay on ith path

and

wy; = Doppler shift of transmitting mobile unit on ith path
2m
= "‘{ Vl o08 Oy,

wy; = Doppler shift of receiving mobile unit on ith path

2n
= V, co8 ay
Where ali and a2i are random angles as shown in Fig.11.1. Now assume that the received signal is the summation

of n paths uniformly distributed around the azimuth.

n n

8= 2 ,(t) = %r‘u(t ~ 'T‘)

=l
X exp [jllwy + @y + axdt — 1) + &)}
= é Qlay Jult — ekt = w

i=1

where Qlo,, 1) = r; exp [lloy + wykX + &)1}

¢:=¢_(@u+%)’ﬁ
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OMMUNICATIONS

UNIT IV (A)
CELLSITE AND MOBILE ANTENNAS

SPACES-DIVERSITY ANTENNAS

Two-branch space-diversity antennas are used at the cell site to receive the same signal with different
fading envelopes, one at each antenna. The degree of correlation between two fading envelopes is determined by
the degree of separation between two receiving antennas. When the two fading envelopes are combined, the
degree of fading is reduced. Here the antenna setup is shown in Fig. 5a.
Equation is presented as an example for the designer to use.

n=h/D=11(8.13-1)

Where h is the antenna height and D is the antenna separation. From Eq., the separation d 2 8\ is
needed for an antenna height of 100 ft (30 m) and the separation d 2 14X is needed for an antenna height of 150
ft (50 m). In any Omni cell system, the two space-diversity antennas should be aligned with the terrain, which
should have a U shape as shown in Fig.5b. Space-diversity antennas can separate only horizontally, not vertically;

thus, there is no advantage in using a vertical separation in the design.

v \7_‘— Antenna A 4 Antenna B
h —

,

o

ARETTRTHRTRERERRESST

(@) (b)
Fig.6.10.Diversity antenna spacing at cell site: {a) n=h/d (b) Proper

arrangement with two antennas

UMBRELLAS-PATTERN ANTENNAS
In certain situations, umbrella-pattern antennas should be used for the cell-site antennas.

T~ \n

'/"~\ et

‘ / — Top disk
- P
st Lo 2N T ,\.‘,,,\,, o

Fig. Vertical-plane patterns of quarter-wavelength stub antenna on infinite ground plane
(solid) and on finite ground planes several wavelengths in diameter (dashed line) and

about one wavelength in diameter (dotted line).
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i) NORMAL UMBRELLA-PATTERN ANTENNA: /

Q
. bd’
For controlling the energy in a confined area, the umbrella-pattern antenna can be developeq by ug;
in
monopole with a top disk (top-loading) as shown in Fig. The size of the disk determines the tilting angle of th
e
pattern. The smaller the disk, the larger the tilting angle of the umbrella pattern.
i) BROADBAND UMBRELLA-PATTERN ANTENNA:
The parameters of 3 Discone antenna (a bio conical antenna in which one of the cones is extendeq to \
180-

to form a disk) are shown in Fig. The diameter of the disk, the length of the cone,

and the opening of the
cone can be adjusted to create an umbrella-pattern antenna,

iii) INTERFERENCE REDUCTION ANTENNA:

Ade . . o v s oo . . .
sign for an antenna configuration that reduces interference in two critical directions (areas) is shown

in Fig.6.3. The parasitic (insulation) element is about 1.05 times longer than the active element.

iv) HIGH-GAIN BROADBAND UMBRELLA-PATTERN ANTENNA:

A high-gain antenna can be constructed by vertically stacking a number of umbrella-

Pattern antennas as shown in Fig.
_ Sin[(Nd/2:) cos ¢l ..
Ey = m - (individual umbrella pattern)

where ¢ = direction of wave travel
N = number of elements
d = spacing between two adjacent elements

ok

(b)

Fig. Discone antennas (a) Single antenna; (b) An array of antenna

MINIMUM SEPARATION OF CELL-SITE RECEIVING ANTENNAS

Separation between two transmitting antennas should be minimized to avoid the inter modulation. The

minimum separation between a transmitting antenna and a receiving antenna s necessary to avoid receiver

ECE ' © PageS4
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o
desensitization. Here we are describing a minimum separation betweean two recelving antennas to reduce the

antenna pattern ripple effects, The two recelving antennas are used for a space-divarsity recelver,

Because of the near fleld disturbance due to the close spacing, ripples will form in the antenna patterns
(Fig.). The difference In power reception between two antennas at differont angles of arrival 15 shown In Fig. . If
the antennas are located closer; the difference In power between two antennas at a given pointing angle

increases, Although the power difference Is confined to a small sector, it affects a large section of the streat s

shown in Fig. .
If the power difference is excessive, use of space diversity will have no effect reducing fading, At 850 MHz, the

separation of eight wavelengths between two receiving, antennas creates a power difference of £2 dB, which is

tolerable for the advantageous use of a diversity scheme,

- ANIONNA A pattorn
— ANlONNA B pattern

Fig. Antenna pattern ripple effect

MOBILE ANTENNAS
The requirement of a mobile (motor-vehicle-mounted) antenna is an Omni-directional antenna that can

be located as high as possible from the point of reception. However, the physical limitation of antenna height on

the vehicle restricts this requirement. Generally, the antenna should at least clear the top of the vehicle. Patterns

for two types of mobile antenna are shown In Fig.
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the glass; therefore,

GLASS-MOUNTED ANTENNAS:
There are many kinds of glass-mounted antennas. Energy is coupled through th

there is no need to drill a hole. However, some energy is dissipated on passage through the glass. The 2 tenna

gain range is 1 to 3 dB depending on the operating frequency. The position of the glass-mounted antenna is
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always lower than that of the roof-mounted antenna; generally there is a 3-dBdifference between these two
types of antenna. Also, glass mounted antennas cannot be installed on the shaded glass found in some motor

vehicles because this type of glass has a high metal content.

MOBILE HIGH-GAIN ANTENNAS:

A high-gain antenna used on a mobile unit has been studied. This type of high-gain antenna should be
distinguished from the directional antenna. In the directional antenna, the antenna beam pattern is suppressed
horizontally; in the high-gain antenna, the pattern is suppressed vertically.

To apply either a directional antenna or a high-gain antenna for receptionin a radio environment, we
must know the origin of the signal. If we point the directional antenna opposite to the transmitter site, we
would in theory receive nothing. In a mobile radio environment, the scattered signals arrive at the mobile unit
from every direction with equal probability. That is why an Omni directional antenna must be used.

The scattered signals also arrive from different elevation angles. Lee and Brandt used two types of
antenna, one A/4 whip antenna with elevation coverage of 39° and one 4-dB-gain antenna (4-dB gain with respect
to the gain of a dipole) with elevation coverage of 16° and measured the angle of signal arrival in the suburban
Keyport-Matawan area of New Jersey. There are two types of test: a line-of-sight condition and an out-of-sight
condition. In Lee and Brandt’s study, the transmitter was located at an elevation of approximately 100 m (300 ft)
above sea level.

The measured areas were about 12 m (40 ft) above sea level and the path length about 3 mi. The
received signal from the 4-dB-gain antenna was 4 dB stronger than that from the whip antenna under line-of-
sight conditions. This is what we would expect.

However, the received signal from the 4-dB-gain antenna was only about 2 dB stronger than that from
the whip antenna under out-of-sight conditions. This is surprising. The reason for the latter observation is that the
scattered signals arriving under out-of- sight conditions are spread over a wide elevation angle. A large portion of
the signals outside the elevation angle of 16° cannot be received by the high-gain antenna. We may calculate the
portion being received by the high-gain antenna from the measured beam width. For instance, suppose that a 4:1
gain (6 dBi) is expected from the high-gain antenna, but only 2.5:1 is received. Therefore, 63 percent of the signal
is received by the 4-dB-gain antenna (i.e., 6 dBi) and 37 percent is felt in the region between 16 and 39¢

Therefore, a 2- to 3-dB-gain antenna .(4 to 5 dBi) should be adequate for g'eneral use. An antenna gain
higher than 2 to 3 dB does not serve the purpose of enhancing reception level. Moreover, measurements reveal

that the elevation angle for scattered signals received in urban areas is greater than that in suburban areas.
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UNIT-IV (B)

FREQUENCY MANAGEMENT AND CHANNEL ASSIGNMENT

The function of frequency management is to divide the total number of available channels into subsets

which can be assigned to each cell either in a fixed fashion or dynamically (i.e., in response to any channel among

;
k

the avallable channels), The terms —frequency management|| and —channel assignment|| often create some
confusion. Frequency management refers to designating setup channels and voice channels (done by the FCC),
numbering the channels (done by the FCC), and grouping the voice channels into subsets (done by each system

according to its preference).

Channel assignment refers to the allocation of specific channels to cell sites and mobile units. A fixed
channel set consisting of one more subsets is assigned to a cell site on a long-term basis. During a call, 2 particular
channel is assigned to a mobile unit on a short- term basis. For a short-term assignment, one channel assignment
per call is handled by the mobile telephone switching office (MTSO). Ideally channel assignment should be based

on causing the least interference in the system. However, most cellular systems cannot perform this way.

4.1 NUMBERING THE RADIO CHANNELS

The total number of channels at present (January 1922) is 832. But most mobile units an systems are still
operating on 666 channels. Therefore we describe the 666 channel numbering first. A channel consists of two
frequency channel bandwidths, one in the low band and one in the high band. Two frequencies in channel 1 are
825,030 MHz (mobile transmit) 270.030 MHz (cell-site transmit). The two frequencies in channel 666 are 844.98
MHz (mobile transmit) and 892 MHz (cell-site transmit). The 666 channels are divided into two groups: block A
system and block B system. Each market (i.e., each city) has two systems for a duopoly market policy. Each block
has 333 channels, as shown in Fig.1.1.
The 42 set-up channels are assigned as follows.

Channels 313-333 block A
Channels 224-3254 block B

The voice channels are assigned as follows.

block

Channels 1-312 (312 voice channels) A
dlock

Channels 255-6€6 (312 voice channels) B

7 www.jntufastupdates.com _
Scanned with CamScanner



9 20 M 40 % 6@ 7B W X N 4 A K e
A JA A @A A B A I E E R hﬂ
s oz 3 4 s 4 7 48 W n o B oM 3 N W e i oa
N N r N T I BN D® I W 8 M8 52 8N OWM O ¥
. s s8 o e @ N 81 m N N 7O ON 0 8N BB M
s:sl:lun-??’"?”"::,'..n.unvmvummnul
M o2 M o o0 81 RO WD g 1 130 I3 ST WY 1IN 133 e
- w0f 128 1% 111 112 13 194 E1S 18 ¥ Nie I S a8 Med JM-A 8
‘“fw.:md-wm'-‘“!”“""""'mmmmmmmm
5 3% 1 152 353 YA 188 158 187 1% N 16O M3 14 188 108 107 VM8 M
68 a8 30 15) '8 12 ST 4P TR AT 181 18R 1A
M 17T 7 T2 AT3 ¢ 78 N7 XD 04 M8 N JUr JOA 08 0
m-.--u-nmmmwz;::;;;;ggmmmn!mmmnl
I I N3 N Te N8 N7 R Y 2 N3 Je8 NP D2 N9 PR MY 20
mmmmm?&zg:gﬁm:mwsmmmm:n
SHo 33 3 s M W 3 | 261 70 35 54 186 8T 133 e WO M M W) AW
"""'"”‘m'umggr;nmmmwﬂﬂm’"""*;
1 o e i 1 3z 3y ) Convel
m:’:aasm;nmmmmmmmx‘mnrmmmnmm’yw
ERETEE T E O T E R EIEN s
I”‘”’”""”‘ : 3a0 33 das 367 361 M3 3N IV 3% X3 3N IS
318 348 337 3 353 36O dev MWT N3 S 3 50 30 3t S 30 M4 80 388
g 3T 37T 3T 378 IO M M M3 XM O MW M O3 a4 63 48 4ar
ekt E L E R E R
41 A1 Q0 €1 LT 4T3 A4 2D Q8 Q1 a2 > ‘
«mm.qaa-ummwmmmm-ummw-:ggz
45C 401 4 4 424 SO 4 M BB M QU0 71 4TD 4T 74 4T3 4N 4 e~
-nmmmmmmqumw-ﬂmudmn:mmm
nsmsusmamec.vsmsumsnmmm::;;:::;:;’www
321 £24 $28 S K7 523 SM SN 3¢ 33 83 SM R
suasuwwunummsummmwmmsumau::
SO5 4R €57 L8 348 STC 571 ST2 S7Y 374 3 VB SIY ST WP A0 sy Sar 3
S5 SAY 4A SN 506 SH 580 4X0 SM 595 306 ST SN0 @0 201 KT K3 G4 8% €OF
T1 A1 &13 e1d 818 B €17 610 A1 &0 &1 &2 AN M &Y KN &
T e &9 10 eu and
B2 €9 233 03' ©F 633 & £33 03 K7 F K9 A0 841 B2 AQ S6¢ 843 Bed M7 0u8
mmu1mzmmmmsvmmmtmmmmmu——-
Fig.4.1. Frequency management chart
These 42 set-up channels are assigned in the middle of all the assigned channels to facilitate scanning of

those channels by frequency synthesizers. In the new additional spectrum allocation of 10 MHz (sec Fig. 1.2.), an

additional 166 channels are assigned. Since a 1 MHz is assigned below 825 MH: (or 870 MHz) in the future,

additional channels will be numbered up to 843 MHz (or 894 MHz) and will then circle back. The last channel

number is 1023. There are no Channels between channels 799 and 991.

Idodée Tx
Freq 824 825 235 84S B48S5  B4D  8S1 MM
LA I A l B ’ A ' B ' R l
1 kg ]
Charnel & ”'tom 333 666 € e
Coll a8 Tx
freq 889 870 880 80 813 B9L 858 MMz
A A 3] A B R ,
1 33 688 M8 709

Charre’' 8§ 991 1023

Fig.4.2. New additional spectrum allocation
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4.2 GROUPING INTO SUBSETS

The number of voice channels for each system is 312. We can group these into any number of subsets.
Since there are 21 set-up channels for each system, it is logical to group the 312 channels into 21 subsets. Each
subset then consists of 16 channels. In each set, the closest adjacent channel is 21 channels away, as shown in
Fig.1.1. The 16 channels in each subset can be mounted on a frame and connected to a channel combiner. Wide
separation between adjacent channels is required for meeting the requirement of minimum isolation. Each 16-
channel subset is idealized for each 16-channel combiner. In a seven- cell frequency-reuse cell system each cell
contains three subsets, iA+iB+iC, where i is an integer from 1 to 7. The total number of voice channels in a cell is

about 45. The minimum separation between three subsets is 7 channels. If six subsets are equipped in an

omnicell site, the minimum separation between two adjacent channels can be only three (21/6> 3) physical
! channel bandwidths.

For example,
"- 1A+1B+1C+4A+4B
i’ +4C
E Or
1A+1B+1C+5A+5B+5C
4.3 SET-UP CHANNELS

Set-up channels also called control channels are the channels designated to setup calls. We should not be
confused by fact that a call always needs a set-up channel. A system can be operated without set-up channels. If
we are choosing such a system all the 333 channels in each cellular system (block A or block B) can be voice
channels; however each mobile unit must then scan 333 channels continuously and detect the signaling for its

call. A customer who wants to initiate a call must scan all the channels and find an idle (unoccupied) one to use.

In a cellular system, we are implementing frequency-reuse concepts. In this case the set-up channels are
acting as control channels. The 21 set-up channels are taken out from the total number of channels. The number
21 is derived from a seven-cell frequency-reuse pattern with three 120- sectors per cell, or a total of 21 sectors,
which require 21 set-up channels. However, now only a few of the 21 setup channels are being used in each
system. Theoretically, when cell size decreases the use of set-up channels should increase. Set-up

channels can be classified by usage into two types: access channels and paging channels.

An access channel is used for the mobile-originating calls and paging channels for the land originating

calls. For this reason, a set-up channel is sometimes called an —access channel’ and sometimes called a _paging

channel.” Every two- way channel contains two 30-kHz bandwidth.. Normally one set-up channel is also specified

J tupdates.com
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i nd) and 2 reverse set-Lo channel fug-,
by two operations as a forward set-up channel (using the upper b2 d)2 o 2 e
nnel is used for both acces .-

1 ne t-up CHE
lower band). In the most common types of ceflular systems, one s€ : e
_ N esponding to the mobile-oniginating o,

paging. The forward set-up channel functions as the paging channel for responding e =

paging c2ll The forwars gze.

v < ) 710 Z?‘.E
The reverse set-up channel functions as the access channel for the responder t .

n

i i ; g is transmitted 2t the mobile unit A7
up channel is transmitted at the cell site, and the reverse set-up channel is trans ¢

up channels carry data information only.

4.3.1. ACCESS CHANNELS:

In mobile-originating calls, the mobile unit scans its 21 set-up channels and chooses the strongast onz.
Because each set-up channel is associated with one cell, the strongest set-up channel indicates which cell is 1o
serve the mobile-originating calls. Th. mobile unit detects the system information transmitted from the cell site.

Also, the mobile unit monitors the Busy/Idle status bits over the desired forward setup channel. When the idle

bits are received, the mobile unit can use the corresponding reverse set-up channel to initizte 2 call.

Frequently only one system operates in a given city; for instance, block B system might be cperating and
the mobile unit could be set to —preferable A system.|| When the mobile unit first scans the 21 set-up channalsin
block A, two conditions can occur.

1. If no set-up channels of block A are operational, the mobile unit automatically switches to block B.
2. If a strong set-up signal strength is received but no message can be detected, then the scanner chooses the

second strongest set-up channel. If the message still cannot be detected, the mobile unit switches to block B and
scans to block B set-up channels.

THE OPERATIONAL FUNCTIONS ARE DESCRIBED AS FOLLOWS:

1.POWER OF A FORWARD SET-UP CHANNEL [OR FORWARD CONTROL CHANNEL (FOCC)]: The power of the set-
up channel can be varied in order to control the number of incoming calls served by the cell. The number of
mobile-originating calls is limited by the number of voice channels in each cell site, when the traffic is heavy, most
voice channels are occupied and the power of the set-up channel should be reduced in order to reduce the
coverage of the cell for the incoming calls originating from the mobile unit. This will force the mobile units to
originate calls from other cell sites, assuming that all cells are adequately overlapped.

2. THE SET-UP CHANNEL RECEIVED LEVEL: The setup channel threshold level is determined in order to control the
reception at the reverse control channel (RECC). If the received power level is greater than the given set-up

threshold level, the call request will be taken.
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3. CHANGE POWER AT THE MOBILE UNIT: When the mobile unit monitors the strongest signal strength from all

Set-up channels and selects that channel to receive the messages, there are three types of message.

A. MOBILE STATION CONTROL MESSAGE. This message is used for paging and consists of one, two, or
four words -DCC, MIN, SCC and VMAX.

B. SYSTEM PARAMETER OVERHEAD MESSAGE. This message contains two words, including DCC, SID,
CMAX, or CPA.

¢. CONTROL-FILLER MESSAGE. This message may be sent with a system parameter overhead message,

CMAC—a control mobile attenuation code (seven levels).

4. DIRECT CALLS RETRY. When a cell site has no available voice channels, it can send a direct call-retry message
through the set-up channel. The mobile unit will initiate, the call from a neighboring cell which is on the list of

neighboring cells in the direct call-retry message.

4.3.2. PAGING CHANNELS:

Each cell site has been allocated its own setup channel (control channel). The assigned forward set-up
channel (FOCC) of each cell site is used to page the mobile unit with the same mobile station control message.

Because the same message is transmitted by the different set-up channels, no simulcast interference
occurs in the system. The algorithm for paging & mobile unit can be performed in different ways. The simplest
way is to page from all the cell sites. This can occupy 2 large amount of the traffic load. The other way is to page
in an area corresponding to the mobile unit phone number. If there is no answer, the system tries to page in
other areas. The drawback is that response time is sometimes too long.

When the mobile unit responds to the page on the reverse set-up channel, the cell site which receives
the response checks the signal reception level and makes a decision regarding the voice channel assignment

based on least interference in the selected sector or underlay-overlay region.

4.4 FIXED CHANNEL ASSIGNMENT
ADJACENT-CHANNEL ASSIGNMENT:

Adjacent-channel assignment includes neighboring-channel assignment and next-channel assignment. The
near-end-far-end (ratio) interference can occur among the neighboring channels (four channels on each side of
the desired channel). Therefore, within a cell we have to be sure to assign neighboring channels in an Omni-
directional-cell system and in a directional-antenna-cell system properly.

In an Omni-directional-cell system, if one channel is assigned to the middle cell of seven cells, next
channels cannot be assigned in the same cell. Also, no next channel (preferably including neighboring channels)

should be assigned in the six neighboring sites in the same cell system area (Fig. 7.3a). In a directional-antenna-
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cell system, if one channel is assigned to a face, next channels cannot be assigned to the same face 0rto the oth
er

two faces in the same cell. Also, next channels cannot be assigned to the other two faces at the same cq| site (r,

7.3b). Sometimes the next channels are assigned in the next sector of the same cell in order to increase Capac,

Then performance can still be in the tolerance range if the design is proper.

A Channel assigned
X Adjacent channel not aliowed
v Adjacent channal allowed

(@) (b)

Fig.4.3 Adjacent channel assignment (a) Omni direction antenna

cells; (b) Directional antenna cells

4.5 CHANNEL SHARING

Channel sharing is a short-term traffic-relief scheme. A scheme used for a seven-cell three-face system is

shown in Fig. 7.2. There are 21 channel sets, with each set consisting of about 16 channels. Figure?.2 shows the

channel set numbers. When a cell needs more channels, the channels of anather face at the same cell site can be

shared to handle the short-term overload. To obey the adjacent-channel assignment algorithm, the sharing is

always cyclic. Sharing always increases the trunking efficiency of channels.

Since we cannot allow adjacent channels to share with the nominal channels in the same cell, channel
sets 4 and 5 cannot both be shared with channel sets 12 and 18, a indicated by the grid mark. Many grid marks
are indicated in Fig.7.2 for the same reason. However, the upper subset of set 4 can be shared with the lower
subset of set 5 with no interference. In channel-sharing systems, the channel combiner should be flexible in order

to combine up to 32 channels in one face in real time. An alternative method is to install a standby antenna,
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Fig.4.4

4.6 CHANNEL BORROWING

Channel borrowing is usually handled on a long-term basis. The extent of borrowing more available
channels from other cells depends on the traffic density In the area. Channel borrowing can be implemented from
one cell-site face to another face at the same cell site. In addition, the central cell site can borrow channels from
neighboring cells. The channel-borrowing scheme is used primarily for slowly-growing systems. It is often helpful

in delaying cell splitting in peak traffic areas. Since cell splitting is costly, it should be implemented only as a last

resort.
ADVANTAGE OF SECTORIZATION:

The total number of available channels can be divided into sets (subgroups) depending on the
Sectorization of the cell configuration: the 120¢-sector system, the 60¢-sector system, and the 45¢-sector system,
In certain locations and special situations, the sector angle can be reduced (narrowed) in order to assign more
channels in one sector without increasing neighboring-channel interference. Sectorization serves the same
purpose as the channel-borrowing scheme in delaying cell splitting. In addition, channel coordination to avoid co-
channel interference is much easier in sectorization than in cell splitting. Given the same number of channels,

trunking efficiency decreases in Sectorization.

SECTORIZED CELLS: There are three basic types.

1. The 120:-sector cell is used for both transmitting and receiving Sectorization. Each sector has an assigned a
number of frequencies. Changing sectors during a call requires handoffs.

2. The 60=-sector cell is used for both transmitting and receiving Sectorization. Changing sectors during a call
requires handoffs. More handoffs are expected for a 60° sector than a 120° sector in areas close to cell sites

(close-in areas).
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.
3. The 120 or 60--sector cell is used for receiving Sectorization only. In this case, the transmitting antenng ;

Omni directional. The number of channels in this cell is not sub- divided for each sector, Therefore, no handof,
are required when changing sectors. This receiving-Sectorization-only configuration does not decrease

interference or increase the D/R ratio; it only allows for a more accurate decision regarding handing off the calls \

\
to neighboring cells, .

4.7 UNDERLAY-OVERLAY ARRANGEMENT

In actual cellular systems cell grids are seldom uniform because of varying traffic conditions in different areas and
cell-site locations.

OVERLAID CELLS:

To permit the two groups to reuse the channels in two different cell-reuse patterns of the same size, an
—under laid|| small cell is sometimes established at the same cell site as the large cell (see Fig. 7.5a). The

—doughnut]| (large) and —holel| (small) cells are treated as two different cells. They are usually considered as
—neighboring cells.|

. .
10
(a) (b)

Fig.4.5.Under laid-overlaid cel| arrangements. (a) Underlay-overlay in omnicell; (b) Underlay-

overlay in Sectorized cell; (c) Two level handoff scheme

(c)

The use of either an Omni directional antenna at one site to create two sub ring areas or three
directional antennas to create six subareas is illustrated in Fig. 4.5 b. As seen in Fig.4.5, a set of frequencies used
in an overlay area will differ from a set of frequencies used in an underlay area in order to avoid adjacent-channel

and co-channel interference.

The channels assigned to one combiner—say, 16 channels—can be used for overlay, and another combiner can

be used for underlay.

IMPLEMENTATION:

The antenna of a set-up channel is usually Omni directional. When an incoming call is received by the set-up

channel and its signal strength is higher than a level L, the under laid cell is assigned; otherwise, the overlaid cell is

\
Wﬁ“———ﬁm
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assigned. The handoffs are implemented between the under laid and overlaid cells. In order to avoid the

unnecessary handoffs, we may choose two levels L1 and 12 and L1 > 12 as shown in Fif. 4.5 (¢). When a mobile

signal is higher than a level L1 the call is handed off to the under laid cell. When a signal is lower than level L2
the call is handed off to the overlaid cell. The channels assigned in the under laid cell have mare protection

against co-channel interference.

4.8 NON FIXED CHANNEL ASSIGNMENT STRATEGY

1. FIXED CHANNEL ASSIGNMENT: The fixed channel assignment (FCA) algorithm is the most common algorithm

adopted in many cellular systems. In this algorithm, each cell assigns its own radio channels to the vehicles within

its cell.

2. DYNAMIC CHANNEL ASSIGNMENT: In dynamic channel assign assigned to

ment (DCA), no fixed channels are

each cell. Therefore, any channel in a composite of N radio channels can be assigned to the mobile unit. This

means that a channel is assigned directly to @ mobile unit. On the basis of overall system performance, DCA can ‘

also be used during a call.

3. HYBRID CHANNEL ASSIGNMENT: Hybrid channel assignment (HCA) Is
of the total frequency channels will use FCA and the rest will use DCA.
4. BORROWING CHANNEL ASSIGNMENT: Borrowing channel assignment (BCA) uses FCA as a narmal assignment
he fixed channels are occupied, then the cell borrows cha

ANNEL ASSIGNMENT: In forcible-borrowing channel a
channels must be borrowed from the neighboring cells and

a2 combination of FCA and DCA. A portion

nnels from the neighboring cells.

condition. When ali t
ssignment (FBCA), if a

5. FORCIBLE-BORROWING CH

channel is in operation and the situation warrants it

at the same time, another voice channel will be assigned to continue the call in the neighboring cell. There are

2l sense, FBCA can also be applied while accounting for the

many different ways of implementing FBCA. In a gener

forcible borrowing of the channels within a fixed channel set to reduce the chance of co-channel assignment in a
reuse cell pattern. The FBCA algorithms based on assigning a channel dynamically but obeying the rule of reuse

i distance.
The distance between the two cells Is reuse distance,
no channel can be borrowed in the neighboring cells. Even

which is the minimum distance at which no co-

channel interference would occur. Very infrequently,

those channels currently in operation can be forcibly borrowed and will be replaced by a new channel in the

neighboring cell or the neighboring cell of the neighboring cell. If all the channels in the neighboring cells cannot

be borrowed because of interference problems, the FBCA stops.
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UNIT-V

HANDOFFS
WHY HAND OFF IS NECESSARY

In an a : g :
nalog system, once a call is established, the set-up channel is not used again during the call

eried. T ; .
p herefore, handoff is always implemented on the voice channel, In the digital systems, the handoff is

carried out through paging or common control channel. The value of implementing handoffs is dependent on
thj size of the cell. For example, if the radius of the -cell is 32 km (20 mi), the area is 3217 km~2(1256
mi*2). After a call is initiated in this area, there is little chance that it will be dropped before the call is terminated
as a result of a'weak signal at the coverage boundary. Then why bother to implement the handoff feature? Even
for.a 16-km radius, cell handoff may not be needed. If a call js dropped in a fringe area, the customer simply
redials and reconnects the call. Today the size of cells becomes smaller in order to increase capacity. Also people
talk longer. The handoffs are very essential. Handoff is needed in two situations where the cell site receives
weak signals from the mobile unit: (1) at the cell boundary, 5ay, =100 dBm, which is the level for requesting a
handoff in a noise-limited environment; and (2) when the mobile unit is reaching the signal-strength holes (gaps)

within the cell site as shown in Fig.1.

-100 cBm
(in a real situation)

—100 cBm
(an ideal situation)

-100 dBm

hole

7

Area where the
signal strength
is less than
-100 ¢Bm

handolf region

Fig.1. Occurrence of handoffs

WHAT ARE THE TWO DECISIONS MAKING PARAMETERS OF HANDOFF EXPLAIN
There are two decision-making parameters of handoff: (1) that based on signal strength and (2) that

based on carrier-to-interference ratio. The handoff criteria are different for these two types. In type 1, the

ECE Page 68
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T

' th threshold level
ignal streng for handoff is ~100 d8m in noise-limited systems and -95 dBm in interference-

jmited systems: In type 2, the value of C/l at the cell boundary for handoff should be at a level, 18 dB for AMPS

in order 10 have toll quality voice. Sometimes, a low value of /I may be used for capa'city reasons.

Type 1: It is €asy to implement. The location receiver at each cell site measures all the signal strengths of all
receivers at the cell site. However, the received signal strength (RSS) tself includes interference.

RSS=C+l|

Ci i i . .
where Cis the carrier signal power and | is the interference. Suppose that we set up a threshold level for RS5; then,

because of the |, which is sometimes very strong, the RSS level is higher and far above the handoff threshold level-
In this situation handoff should theoretically take place but does not. Another situation is when | is very low but
RSS is also low. In this situation, the voice quality usually is good even though the RSS level is low, but since RSS is

low, unnecessary handoff takes place. Therefore, it is an easy but not very accurate method of determining
handoffs. Some analog systems use SAT information together with the received signal level 0 determin€

handoffs. Some CDMA systems use pilot channel information.

Type 2: Handoffs can be controlled by using the carrier-to- interference ratio C/I cHN=C/l

e but | is dependent on the location. If the

o increase in (1) propagation dist
it is hard to measure

we can set a level based on C/I ,so C drops as a function of distanc
ance or

handoff is dependent on C/I, and if the C/I drops, it does so in response t

(2) interference. In both cases, handoff should take place. In today’s cellular s

modulation. Sometimes we measure th

ystems,

¢/l during a call because of analog e level | before the call is

connected, and the level C+ 1 during the call. Thus (C +1)/I can be obtained.

TYPES OF HANDOFF

There are four types of handoff:
1. INTERSECTOR OR SOFTER HANDOFF.
10-1). A RAKE receiver at the base

The mobile commumcates with two sectors of the same cell (see Fig.

station combines the best versions of the voice frame from the diversity antennas of the two sectors into a
single traffic frame.

2. INTERCELL OR SOFT HANDOFF.

The mobile communicates with two or three sectors of different cells (see Fig. 10-2). The base station that
has the direct control of call processing during handoff is referred to as the primary base station. The
primary basé station can initiate the forward control message. Other base stations that do not have control
over call processing are called the secondary base stations. Soft handoff ends when either the primary or
secondary base station is dropped. If the primary base station is dropped, the secondary base station

becomes the new primary for this call. A three-way soft handoff may end by first dropping one of the base

stati i
jons and becoming a two-way soft handoff. The base stations involved coordinate handoff by

ECE
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exchanging information via 557 links. A soft handoff uses considerably more network resources than the
softer handoff.

Figure 10-1  Softer Handoff

Cell A Cell B

a
= RO

Cell C

D

Two-Way Soft Handof! Three-Way Soft Handoff
Figure 10-2 Soft Handoft

3. SOFT-SOFTER HANDOFF.

The mobile communicates with two sectors of one cell and one sector of another cell (see Fig. 10-3).
Network resources required for this type of handoff include the resources for a two-way soft handoff
between cell A and B plus the resources for a softer handoff at cell B.

4. HARD HANDOFF.

Hard handoffs are characterized by the break-before-make strategy. The connection with the old traffic

channel is broken before the connection with the new traffic channel is established. Scenarios for hard
handoff include

4 Handoff between base stations or sectors with different CDMA carriers

4 Change from one pilot to another pilot without first being in soft handoff with the new pilot (disjoint
active sets)

4 Handoff from CDMA to analog, and analog to CDMA

@ Change of frame offset assignment—CDMA traffic frames are 20 ms long. The start of frames in a
particular traffic channel can be at 0 time in reference to a system or it can be offset by up to 20 ms (allowed in IS-
95). This is known as the frame offset. CDMA traffic channels are assigned different frame offset to avoid

congestion. The frame offset for a particular traffic channel is communicated to the mobile. Both forward and
reverse links use this offset. A change in offset

ECE
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el A
Flgure 103 Goli-Gottar Handof

Assignment will disrupt the link, During soft handoff the new base station must allocate the same frame offset to

the mobile as assigned by the primary base station, If that particular frame offset is not available, 2 hard handoff

may be required, Frame offset is a network resource and can be used up

HANDOFF INITIATION

A hard handoff occurs when the old connection is broken be
ion criteria [1, 3, 13]. 1

fore a new connection js activated. The

t is assumed that the

performance evaluation of a hard handoff is based on various initiat
so that rapid fluctuations due to the multipath nature of the radio

ne to determine the shape 25 well as the length of the

environment can
averaging
S1) to

signal is averaged over time,

be eliminated, Numerous studies have been do
reliable, Figure 1,2 shows a MS moving from one BS (B

window and the older measurements may be un
the mean signal

ses a5 the MS moves away from it. Similarly,

another (B52). The mean signal strength of B51 decrea
e is used to explain various approaches described in

strength of BS2 increases a5 the MS approaches it. This figur

the following subsection.

1.3.1 RELATIVE SIGNAL STRENGTH
urement of

t received BS at all times, The decision is based on a mean meas

This method selects the stronges
ndoff would occur at position A. This method is observed to provoke too

the received signal. In Figure 1,2, the ha

ary handoffs, even when the signal of the current BS is still at an acceptable level.

many unnecess

1.3.2 RELATIVE SIGNAL STRENGTH WITH THRESHOLD
2 M5 to hand off only if the current signal is sufficiently weak (less than thresh

ct of the threshold depends on its relative value as compared to the signal

are equal. If the threshold is higher than this value, say T1 in

This method allows old) and the
other is the stronger of the two. The effe

strengths of the two BSs at the point at which they

Figure 1.2, this scheme performs exactly like the relative signal strength scheme, so the handoff occurs at position

A, If the threshold is lower than this value, say T2 in Figure 1.2, the MS would delay handoff until the current signal

level crosses the threshold at position B. In the case of T3, the delay may be so long that the MS drifts too far into

the new cell,

5 WWW.INTUFASTUPDATES.COM

Scanned with CamScanner



Signal Strength

Signnl Strength

BS, MS
Figure 1.2 Signal strength and hysteresis between two adjacent BSs for potential handoff.

This reduces the quality of the communication link from BS1 and may result in a dropped call. In addition, this
results in additional interference to cochannel users, Thus, this scheme may create overlapping cell coverage
areas. A threshold is not used alone in actual practice because its effectiveness depends on prior knowledge of the
crossover signal strength between the current and candidate BSs.
1.3.3 RELATIVE SIGNAL STRENGTH WITH HYSTERESIS

This scheme allows a user to hand off only if the new BS is sufficiently stronger (by a hysteresis margin, h in
Figure 1.2) than the current one. In this case, the handoff would occur at point C. This technique prevents the so-
called ping-pong effect, the repeated handoff between two BSs caused by rapid fluctuations in the received signal
strengths from both BSs. The first handoff, however, may be unnecessary if the serving BS is sufficiently strong.
1.3.4 RELATIVE SIGNAL STRENGTH WITH HYSTERESIS AND THRESHOLD

This scheme hands a MS over to a new BS only if the current signal level drops below a threshold and the
target BS is stronger than the current one by a given hysteresis margin. In Figure 1.2, the handoff would occur at
point D if the threshold is T3
1.3.5 PREDICTION TECHNIQUES

Prediction techniques base the handoff decision on the expected future value of the received signal strength.

A technique has been proposed and simulated to indicate better results, in terms of reduction in the number of

unnecessary handoffs, than the relative signal strength, both without and with hysteresis, and threshold methods.

CONCEPT OF DELAYING A HANDOFF

In many cases, a two-handoff-level algorithm is used. The purpose of creating two request handoff
levels is to provide more opportunity for a successful handoff. A handoff could be delayed if no available cell
could take the call. A plot of signal strength with two request handoff levels and a threshold level is shown

in Fig.3. The plot of average signal strength is recorded on the channel received

ECE
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Threshold level i rrﬂ‘f’:‘. -

e T - —e TiMe

Fig.3. A two level handoff scheme
Signal strength indicator (RSSI), which is installed at each channel receiver at the cell site. When the signal
strength drops below the first handoff level, a handoff request is initiated. If for some reason the mobile unitis in a
hole (a weak spot in a cell) or a neighboring cell is busy, the handoff will be requested periodically every 5 s. At the
first handoff level, the handoff takes place if the new signal is stronger. However, when the second handoff level is
reached, the call will be handed off with no condition. The MSO always handles the handoff call first and the

originating calls second. If no neighboring calls are available after the second handoff level is reached, the call

continues until the signal strength drops below the threshold level; then the call is dropped. In AMPS
systems if the supervisory audio tone (SAT) is not sent back to the cell site by the mobile unit within 5 s, the cell
i site turns off the transmitter.
ADVANTAGES OF DELAYED HANDOFF
1. Consider the following example. The mobile units are moving randomly and the terrain contour is
uneven. The received signal strength at the mobile unit fluctuates up and down. If the mobile unit is
in a hole for less than 5 s (a driven distance of 140 m for 5 s, assuming a vehicle speed of 100 km/h),
the delay (in handoff) can even circumvent the need for a handoff. If the neighboring cells are busy,

delayed handoff may take place. In principle, when call traffic is heavy, the switching processor is

loaded, and thus a lower number of handoffs would help the processor handle call processing more

adequately. Of course, it is very likely that after the second handoff level is reached, the call may be
dropped with great probability.

2. The other advantage of having a two-handoff-level algorithm is that it makes thehandoff occur at
the proper location and eliminates possible interference in the system. Figure 3, case |, shows the
area where the first-level handoff occurs between cell A and cell B. If we only use the second-level
handoff boundary of cell A, the area of handoff is too close to cell B. Figure 3, case ll, also shows
where the second-level handoff occurs between cell A and cell C. This is because the first-level
handoff cannot be implemented.

POWER DIFFERENCE HANDOFF

A better algorithm is based on the power difference (_) of a mobile signal received by two cell sites, home and

handoff. _ can be positive or negative. The handoff occurs depending on a preset value of _.

EC
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_=the mobile signal measured at the candidate handoff site
- The mobile signal measured at the home site
For example, the following cases can occur.

_>3 dB request a handoff

1dB <_< 3 dB prepare a handoff
-3dB <_< 0 dB monitoring the signal strength ¢
_<-3dB no handoff
Those numbers can be changed to fit the switch processor capacity. This algorithm is not based on
the received signal strength level, but on a relative (power difference) measurement. Therefore, when this
algorithm is used, all the call handoffs for different vehicles can occur at the same general location in spite of
different mobile antenna gains or heights.

FORCED HANDOFF

A forced handoff is defined as a handoff that would normally occur but is prevented from happening, or a handoff

that should not occur but is forced to happen.

MOBILE-ASSISTED HANDOFF

e
URTDUSSS

In a mobile-assisted handoff process, the MS makes measurements and the network makes thedecision. In the
circuit switched GSM (global system mobile), the BS controller (BSC) is in charge of the radio interface
management. This mainly means altocation and release of radio channels and handoff management. The handoff
time between handoff decisio.n and execution in such a circuit-switched GSM is approximately 1'second.

SOFT HANDOFF
SOFT HANDOFF (FORWARD LINK)

In this case all traffic channels assigned to the mobile are associated with pilots in the active set and carry the
same traffic information with the exception of power control subchannel. When the active set contains more than
one pilot, the mobile provides diversity by combining its associated forward traffic channels.

SOFT HANDOFF (REVERSE LINK)

During intercell handoff, the mobile sends the same information to both base stations. Each base station
receives the signal from the mobile with appropriate propagation delay. Each base station then transmits the
received signal to the vocoder/selector. In other words, two copies of the same frame are sent to the
vocoder/selector. The vocoder/selector selects the better frame and discards the other.

SOFTER HANDOFF (REVERSE LINK)

During intersector handoff, the mobile sends the same information to both sectors. The channel
card/element at the cell site receives the signals from both sectors. The channel card combines both inputs, and
only one frame is sent to the vocoder/selector. It should be noted that extra channel cards are not required to

support softer handoff as is the case for soft handoffs. The diversity gain from soft handoffs is more than the
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ity gain from softer handoffs - )
gersty s because signals from distinet cels are fess correlated than signals 1190 sector?

of the same cell,
10.2.4 BENEFIT OF SOFT HANDOFF

Akey benefit of soft handoff is the path diversity on the forward and reverse traffic channels, Diversity £210 i
obtained because less power is required on the forward and reverse links. This implies that total 5Y5tEM
interference is reduced. As a result, the average system capacity is improved, Also less transmit power from the
mobile results in longer battery life and longer talk time, In a soft handoff, if a mobile receives 20 up pones control
bit from one base station and a down control bit from the second base station, the mobile decreases its transmit
power. The mobile obeys the power down command since 3 good communications ink must have eristed 10

warrant the command from the second base station,
INTERSYSTEM HANDOFF

so) and enter

handoff can

Occasionally, a call may be Initisted in one cellular system (controlled by ¢ M

another system (controlled by another MSO) before terminating. In some instances, intersystem

i all is
take place; this means that a call handoff can be transferred from one system 10 3 second system O that the ©

: : .0 |
continued while the mobile unit enters the second system, The software in the MSO must be modified to applY

N i iginates 3
this situation. Consider the simple diagram shown in Fig.7. The car travels on a highway and the driver originate

: i B are
callin system A. Then the car leaves cell site A of system A and enters cell site B of system B. Cell sites A and

g ; hes
controlled by two different MSOs. When the mobile unit signal becomes weak in cell site A, MSO Asearc

for a candidate cell site in its system and cannot find one. Then MSO A sends

The handoff request to MSO B through a dedicated line petween MSO A and MSO B, and MSO B makes 2

e " : of
complete handoff during the call conversation. This is just a one-point connection case. There are many ways

implementing intersystem handoffs, depending on the actual circumstances. For instance, if two MSOs are

manufactured by different companies, then compatibility must pe determined before implementation of

intersystem handoff can be considered. .

Fig.7. Intersystem handoffs
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Code No: R1642041 R160 Set No. 1

IV B.Tech Il Semester Regular/Supplementary Examinations, July - 2021
CELLULAR AND MOBILE COMMUNICATIONS
(Electronics and Communication Engineering)
Time: 3 hours Max. Marks: 70
Question paper consists of Part-A and Part-B
Answer ALL sub questions from Part-A
Answer any FOUR questions from Part-B

*kkkik

PART-A (14 Marks)

a) Define frequency reuse ratio. [3]
b) What is the significance of diversity receiver? [2]
c) What are the functions of frequency management? [2]
d) Explain in detail about the importance of cell-site antennas. [2]
e) Discuss about handoff initiation [2]
f)  What are the different traffic channels of GSM [3]

PART-B (4x14 = 56 Marks)
a) Discuss about Trucking and GOS. [7]
b) Explain about consideration of the components of Cellular system [7]

a) With neat sketch explain the effect of reduction of Antenna height on different

terrains? [7]
b) Explain the measurement of real time Co-Channel interference. [7]
a) Explain in detail about near-distance propagation. [7]
b) Discuss about fixed channel and non-fixed channel assignment [7]

a) What is the minimum separation required for cell site antennas and discuss about

high gain antennas. [7]
b) Explain in brief about Roof Mounted antenna. [7]
a) With neat sketch explain the concept of Handoff. [7]
b)  Write short notes on vehicle locating methods [7]
a) Explain in detail the Code Division Multiple Access technique [7]
b) What are the subsystems of GSM? Explain the functions of OSS sub system? [7]

lofl



Code No: R1642041 R 16 Set No. 1

Time: 3 hours

IV B.Tech Il Semester Regular Examinations, September - 2020

CELLULAR AND MOBILE COMMUNICATIONS
(Electronics and Communication Engineering)

Question paper consists of Part-A and Part-B
Answer ALL sub questions from Part-A
Answer any FOUR questions from Part-B
*kkkk
PART-A (14 Marks)
Define cell sectoring.
What is co-channel interference?
What is channel sharing and borrowing in cellular systems?
List out the types of antennas used at cell site.
What are the various handoff initiation techniques?
Write the features of OFDMA.

PART-B (4x14 = 56 Marks)
Explain the concept of frequency reuse with the help of a neat diagram.
The 2G GSM has 125 channels in the uplink and 125 channels in the down link.
Each channel has a bandwidth of 200 kHz. What is the total bandwidth occupied
in both uplink and down link.

Derive the expression for carrier-to-interference ratio in a cellular system for
normal case and worst-case scenario with an omni-directional antenna.

Explain the various types of non-cochannel interferences in a cellular
environment?

What are the various channel assignment strategies with respect to cell sites?
Explain in detail.

Explain the effects of human made structures for mobile propagation in open
area.

Explain the role of directional antennas for interference reduction if cellular
systems.
Write short notes about Roof mounted antennas in cellular systems.

What type of handoff is used when a call initiated in one cellular system and
enters another system before terminating? Explain how it works?
Explain the various vehicle locating methods in detail.

What are the different types of channels for GSM? Explain.
Explain the basic architecture of 3G cellular system with a neat sketch.

lofl

Max. Marks: 70
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Code No: R1642041 R16 Set No. 2

IV B.Tech Il Semester Regular Examinations, September - 2020

CELLULAR AND MOBILE COMMUNICATIONS
(Electronics and Communication Engineering)
Time: 3 hours Max. Marks: 70
Question paper consists of Part-A and Part-B
Answer ALL sub questions from Part-A
Answer any FOUR questions from Part-B

*kkkik

PART-A (14 Marks)

a) Write the differences between macro and micro cellular structures? [3]
b) Write the different types of non co-channel interference. [2]
c) Describe the major factors causing propagation loss in cellular systems. [3]
d) Write the features of omni directional antennas? [2]
e) What is forced handoff? Describe. [2]
f)  Write the features of CDMA. [2]

PART-B (4x14 = 56 Marks)

a) Explain the principle of operation of cellular mobile system and its components
with a neat diagram. [7]
b) Determine the number of cells in clusters for the following values of the shift
parameters i and j in a regular hexagon geometry pattern:
(i) i=2 and j=4
(i)  i=3and j=3. [7]

a) What is cochannel interference in cellular systems? Explain the different
methods of reducing the co-channel interference. [7]
b) Explain the various functions of diversity receiver with a neat diagram. [7]

a) What are the set-up channels? Explain, how set-up channels acts as control

channels in a cellular system? [7]
b) Describe the various steps involved in finding antenna height gain in a mobile
environment. [7]

a) Explain the principle and advantages of umbrella pattern antennas in cellular

systems. [7]
b) Write short notes about Glass mounted antennas in cellular systems. [7]
a) What is different handoff strategies based on algorithms of handoff? Explain. [7]
b) What is dropped call rate? Explain how it is evaluated? [7]
a) Describe the various features and services of GSM system. [7]
b) Explain the principle of TDMA and its frame structure with a neat diagram. [7]
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PART-A (14 Marks)

a) Write the differences between pico and femto cellular structure. [3]
b) Define co-channel interference reduction factor. [2]
c) What is the importance of frequency management chart? [3]
d) List out the types of antennas used at cell site. [2]
e) Define the dropped call rate. [2]
f)  Write the features of TDMA. [2]

PART-B (4x14 = 56 Marks)
a) What is co-channel reuse ratio? Prove that for a hexagonal geometry, the co-

channel reuse ratio is+/3N , where N =i? +ij + j2. [7]
b) List the various techniques used to expand the capacity of a cellular system.
Explain in detail. [7]

a) What is non-cochannel interference? Explain the various types of non-cochannel
interference? [7]

b) Determine the minimum cluster size for a cellular system designed with an
acceptable value of C/I =18 dB. Assume the path loss exponent as 4 and co-
channel interference at the mobile unit from six equidistant cells in the 1* tier. [7]

a) What are the various channel assignment strategies with respect to mobile units?

Explain in detail. [7]
b) Explain the point-to-point path loss prediction model and describe the factors
that affect the accuracy of prediction. [7]

a) What are the different types of antennas used for mobile unit? Explain any one

with neat diagram. [7]
b) Write short notes about mobile high gain antennas in cellular systems. [7]
a) What are the various handoff initiation techniques? Explain. [7]
b) What is intersystem handoff? Explain with necessary diagram. [7]

a) What are the various subsystems in GSM architecture? Explain the network
switching subsystem. [7]
b) Describe the basic principle and advantages of OFDMA. [7]
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PART-A (14 Marks)

List the main features of 3G cellular systems.

What are the types of interferences in cellular system?

Describe the concept of overlaid cell.

Write the features of umbrella pattern antennas.

List out the different vehicle locating methods.

Compare the basic technological differences between GSM and CDMA.

PART-B (4x14 = 56 Marks)

Explain the principle of cell splitting and cell sectoring in cellular systems.
Draw the frequency reuse pattern for a cluster size of N=3 and N=7.

Derive the expression for C/I for worst case scenario in an omni directional
antenna system.

If a signal to interference ratio of 15 dB is required for satisfactory forward
channel performance of a cellular system, what is the frequency reuse factor and
cluster size that should be used for maximum capacity if the path loss exponent
is (a) n=4, (b) n=3? Assume that there are 6 co-channel cells in the first tier and
all of them are at the same distance from the mobile. Use suitable
approximations.

What is the importance of frequency management chart? Explain.
Derive the expression for the path difference between the direct and reflected
paths in a mobile environment.

Explain the different types of antennas used for coverage and interference
reduction in cellular systems.
Write short notes about Roof mounted antennas in cellular systems.

Explain the differences between handoff initiation in analog and digital cellular
systems.
How dropped call rate is defined using general formula? Explain.

Explain the GSM architecture with a neat sketch.
Compare and contrast the various multiple access schemes.
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