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Abstract

A Pico cdl is a small, low-cost, fast coverage and extra capacity which can be
used wherever the signal drops. The low cost of these cels and the easy
installation as compared with BTSs is very important feature, one more feature is
that Pico cells are more effective in dense phone usage areas and at the extremdy
high buildings, aso as its radiation power is much less than BTSs so it has no
health effects on human.
This paper makes a design to support the network by using the technique of Pico
celsin order to improve the signd quality inside dense phone usage areas and take
multiple scenarios to show the importance of using such type of cdls. The results
show the advantages of using this cell to improve the signal quality espedidly in
dense phone usage aress.

K eywords: Pico cdls, Indoor coverage, |P address and backhaul, Correction factor
for mobile unit antennaheight ( A(h, ) ), Predicted Path Loss ( L 45 ).
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INTRODUCTION
ico cdl based wireess networks are gaining wide popularity to provide the
end user with uniform coverage, symmetry and throughput [1]. A Pico cdls
are typically used to extend coverage to indoor areas where outdoor signals
do not reach well, or to add network capacity in areas with very dense phone usage,

such as train stations, airports or shopping malls...etc [2].

Every network has black spots where coverage is minima or non-existent. In
areas with marginal coverage, service quality inside buildings can drop off sharply,
resulting in cdl drop, ‘network busy’ signals, slow data rates and poor voice
quality; the traditional solution to in-building coverage problems has been the
repegter [3]. But today, planners aren’t so quick to turn to repesters to fill black
spots or penetrate buildings, operators originally deployed Pico cdls as a “band
aid” for coverage in these black spots[4].

Pico cdls help to maximize spectrum re-use, provide sufficient extra capacity to
ensure that subscribers of premium rate data services get the better radio quality
they need, on the other hand Pico cells can provide wird ess connectivity to isolated
aress like rurd places, maring, oil and Gas Company...etc, where there is no
broadband connectivity for backhaul, for these circumstances, Pico cdls are a
viable solution having the satellite communi cations for backhaul [5].

ESTABLISHING THE CONNECTION

All the Pico cdls connected by wires or wireess to a modular unit caled the
controller which uses IP address to identify the sub network. The unit is connected
to external antenna (Omni directiona antenna), Pico cdls functions (handover,
power control....etc) controlled by its own BSC which is connected to the MSC
through the (IP backhaul), which is a connection between the Pico cdls Omni
directional antenna and the BTS microwave antenna, that means Pico cdls will
support al available services in the nework. Figure (1); illustrates the Pico cdls
based network [5, 6].

The IP address is an address which gives the identification to the Pico cdls
connected to the network that will increase the network capacity instead of draining
it as routers do. While the backhaul is a typical radio access network (RAN),
backhaul network connects cdl-site nodes with central-site nodes [7, 8].

PROCEDURES OF DESIGN

There are some important points to be discussed before starting the design:
The maximum load (A)

The CDMA techniques offer several advantages over other multiple access
techniques, such as high spectra reuse efficiency, soft handoff, capacity
improvements by the use of cell sectorization, and flexibility for multirate services

[6].
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Three important parameters in calculating maximum load which is average calling
time (T ), the user's number (U ) and average number of call requests per
minute (b ) [9].
A= usb>T
60 ..(D)
The number of channdsin onecell (C ) [9, 11]:
2B, 0

C = =/ K
8B, 5
Where:

B, : Total bandwidth.
B, : Channel bandwidth.
K : Number of cdl in cluster.

2

Transmitted power calculation ( Pt )

The transmitted power in Pico cel is very small (because its coverage area is
small), anywhere the transmitted power depends on the receiving power,
propagation distance between antennas, and the total gain of receving and
transmitting antenna which are used by the subscriber [3, 5].

Therequired height for transmitting antenna ( ht ) [10, 12]:

h = 156# ..(3)
Xp I,
Where:
E . : Cdl voltage.
| .: Cél current.
Bandwidth

From (875-925MHz) a (50MH2); (the bandwidth of the uplink is 25MHZ, and
bandwidth of the downlink is 25MHZ), the center frequency ( f.) is 900MHz
[2, 8, 10].

Predicted Path Loss( L . )
The accuracy inthe path loss prediction can be given as[10];

L, =69.55+26.16 " log( f.)- 13.82" log( h,)- A(h,) +
(44 .9- 6.55log( h,)) " log( d) (4

Where:
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h, : Height of transmitting antenna in [m].
h, : Height of receiving antenna in [m].
A(h,) : Correction factor for mobile unit antenna height.

For a smal or medium distance between cdls, the correction factor is given by
[10]:

Ah)=@1" log(f)- 07)" h - 156" log(f,)- 0.8
...(5
For a large distance between cdls, the correction factor is given by the following
equation (for f, 3 300MHz):

A(h)=3.2" (log(11.7" h)? - 4.97

...(6)
EXPERIMENTAL RESULTS
Different scenarios are taken (for the same parameter values) to illustrate the
advantages of using the Pico cdlls, where:
Scenario (1); Table (1) [9, 10, 11, 12], represents the parameters required to
estimate the maximum load (A), number of channds in one cdl (C),

transmitting antenna high ( h, ), correction factor A(h, ), and the predicted path

loss ( LdB ); for an airport using Pico cell method.

Scenario (11); Table (2), represents the parameters required to estimate the same
values in Scenario (1), for atrain station using Pico cell method.

Scenario (I111); Table (3), represents the parameters required to estimate the same
values in Scenario (1), for a shopping mall using Pico cell method.

Scenario (1V); Table (4), represents the parameters required to estimate the same
values in Scenario (1), for a stock exchanges using Pico cell method.

Table (5), show the results for the above different scenarios, using the data in tables
(1, 2, 3, and 4) for Pico cell method.

Table (6), show a comparison results between the predicted path loss (L ;)
table (5), and the predicted path loss ( L, ) without using Pico cell, takes the same
parameter values used in tables (1, 2, 3, and 4); except using (K =1, E_ =220 valt,
|, =3 Ampere, and d =500 meter).

DISCUSSION

Two points in the discussion, firstly, discuss the subject of the work with
respect to the other. Secondly discusstheresults.
Firstly, discuss the feature of our work with other related distinct researches.

In [9, 11], an agorithm to calculate the number of cdl in cluster is made, the
maximum load, and the number of channels in one cdll, in order to increase the
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performance (in terms of capacity) of a cdlular network, but without taking the
other effective parameters and different scenarios as done in this work. In [10], a
good analysis and calculation are made only for the required height, transmitting
antenna, correction factor for mobile unit antenna height, and the accuracy in the
path loss prediction, in order to increase the resolution of position detection,
without making a comparison for the predicted path loss and without taking
different scenarios. While this paper takes al the effective required parameters for
different scenarios and makes a comparison between the results of using Pico cdls
and the results without using Pico cells for the predicted path loss for all different
scenarios.

Secondly, different scenarios are taken in this work with different (areas, number
of users, number of call requests per min, average caling time, height of receiving
antenna, and propagation distance between antennas), from the results one can
show that the correction factor A(h, ), and the predicted path loss (L, ) are very

sensitive to the changes in the receiving antenna high ( h, ), and the propagation
distance between antennas(d) .

CONCLUSIONS

Pico cdls are small, low-cost indoor base stations, could present mobile
operators with an opportunity to make a radical departure from traditional cdlular
network architecture, from the results in this work one can conclude that;

1) The results taken from the parameters in different scenarios (using Matlap
programming) including; airport (table (1)), train station (table (2)), shopping
mall (table (3)), and stock exchanges (table (4)); show the advantages of
using such future type (Pico cdls), see table (5).

2) Table (6), show a decrease in the predicted path loss (L ), which is the

most important factor, when using Pico cdls comparing with results without
using Pico cdls for all different scenarios.

3) In addition to the above, one more future of Pico cdls, that it has no health
effects on human, because its radiation power is much lessthan BTS.
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Table (1) Parameter values for an airport using Pico cell method.

Area of | Area of one . Calculati h f
: Calculatin the culating the No. O
airport cell g channels in one cell

(AC)(mZ) maximum load ( A) (C)

u b T Bt Bch
(No.) | (No/min) | (min.) | (MHZ)

2000 5 2 40

Calculating the required height for transmitting
antenna ( ht ) (m)

E |

[

(volt) (m)
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Table (2) Parameter values for train station using Pico cell method.

Area of one
cell

(A)(m?)

Calculating  the
No. Of channels

inonecdl (C )

Bt Bch

(MHZ) | (KHZ)
40

Area of train
station (mz)

Calculating the

maximum load ( A)

u b
(No.) | (No./min)
3000 4

T

90 (min.)

20

1.5

Carrier
frequency
(f.)(MHZ)

The receiver
height

(h, )(m)

Calculating the

required

height

transmitting antenna ( ht ) (m)

for

| d
(m) (m)

EC

225 (valt)

Table (3) Parameter values for shopping mall using Pico cell method.

Area of one
cdll

(A)(m?)

Calculating the No. Of
channds in one cell

(C)

Bt
(MHZ)

Calculating the

maximum load ( A)

T
(min.)

u b
(No./min)

Bch

6 25 40

Calculating the required height for transmitting

antenna ( ht ) (m)

I
(m)
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Table (4) Parameter values for stock exchanges using Pico cell method.

Area
stock
exchanges

f
© Calculating the No. Of

channels in one cdll

(C)

Calculating the

maximum load ( A)

b T
(No./min)

u B,

(MHZ)

Bch

7 . 40
Carrier
frequency
(fo)
(MHZ2)

Calculating the required height for transmitting
antenna ( ht ) (m)

Table (5) Results (in different scenarios), of using the datain tables (1, 2, 3,
and 4) for Pico cell method.

The
maximum
load (A)

The No. Of
channelsin
one cell
(C)

Transmitting
antenna

(h,)(m)

The
correction
factor

A(h,) (dB)

The
Predicted
path loss

L4 (dB)

333.3333

100

8.8419

2155731

152.5389

300

100

7.9577

192.6989

174.8603

625

225

7.9577

169.8247

197.7345

5775

170

7.5157
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Table (6) Comparison results between table (5), and the resultswithout using
Pico cell method for the predicted path loss.

. . Results without using
Results using Pico cell method Pico cal method
The Predicted path loss L, | The Predicted path loss
(dB) L (dB)

Scenario (1) 152.5389 362.6743
Scenario (1) || 174.8603 363.5837

Scenarios

Scenario (111) || 197.7345 364.3684
Scenario (1V) || 220.2973 365.2376

!I | |
Controlier|IF 3ccess) | | |

— e

| | |
- 1 B i
e

Figure (1) ThePico cells based network.
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