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where x[K] is an input sequence of data symbols with rate T

In a simple notation, the channel can be represented as a time-varying (v+1) x 1 column vector.

ho(t)
ie., h(t) = hl:(t)

hy (t)

Although this tapped-delay line model is general and accurate, it is di cult to design a com-
munication system for the channel without knowing some of the key attributes about h(t).

Path Loss

The rst obvious di erence between wired and wireless channels is the amount of transmitted
power that actually reaches the receiver.

Assuming an isotropic antenna is used, as shown in gure below
The propagated signal energy expands over a spherical wavefront.

Therefore, the energy received at an antenna a distance d away is inversely proportional to the
sphere surface are, 4 d?

The free space path loss formular Friis formula, is given more precisely as

where P, and P; are the received & transmitted powers and is the wavelength.

. . . 1
As observed in Friis formula, P, / 2, which means that P, / 2

C

Clearly, higher frequencies su er greater power loss than lower frequencies.

As a result, lower carrier frequencies are generally more desirable, and hence very crowded.
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Thus, shadowing is an important e ect in wireless networks because it causes the received SINR
to vary dramatically over long time scales.

In some given cell, reliable high-rate communication may be nearly impossible.

Cellular Systems
In cellular systems, the service area is subdivided into smaller geographic areas called cells.

Each cell is served by its own base station (BS).

In order to minimize interference between cells, the transmit power level of each BS is regulated
to be just enough to provide the required signal strength at the cell boundaries.

The same frequency channels can be reassigned to di erent cells, as long as those cells are
spatially isolated.

The reuse of the same frequency channels should be intelligently planned in order to maximize
the geographic distance between the co-channel base stations.

Some advantages of Cellular systems are:

2.1

Cellular systems allow the overall system capacity to increase by simply making the cells smaller
& turning down the power.

Cellular systems support user mobility, seamless call transfer from one cell to another is pro-
vided.

The hando process provides a means of the seamless transfer of a connection from one BS to
another.

Small cells give a large capacity & reduce power consumption.
Primary drawbacks are, system needs more Base Stations, and their associated hard-

ware costs, and the need for frequent handoffs.

Cell Sectoring

The performance of wireless cellular systems is signi cantly limited by co-channel interference
(can.

This comes from other users in the same cell or from other cells.
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Figure 6:

And it is de ned as

A( 5 ) =E[h( 1;t)h"( ;)]
=E[h( ;;)h"( 2;t+ )]
=E[h( ;D)h*( + t+ 1)

The channels described by this auto correlation function are referred to as Wide Sense Sta-
tionary Uncorrelated Scattering (WSSUS).

This is the most popular model for wide band fading channels.

From the auto correlation function, following wireless channel parameters can be estimated.

1. Delay Spread,

2. Coherence Bandwidth, B,

. Doppler Spread, fp = chv

3

4. Coherence Time, T,
5. Angular Spread, ms
6

. Coherence Distance, D,
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4.4 LoS Channels - The Rician Distribution

4.5

4.6

An important assumption in the Rayleigh fading model is that, the arriving re ections have a
mean of zero.

For LoS signal, the received envelope distribution is more accurately modelled by a Rician
distribution.

It is given by

£ () = e 0% 927Xy 0

where 2 is the power of the LoS component and
lo is the 0" order, modi ed Bessel function of the rst kind.

The Rician phase distribution , is not uniform in [0;2 ] and is not distributed by a straight
forward expression.

It is more generalization of the Rayleigh distribution.

A more general model: Nakagami - m Fading

The Nakagami distribution is relatively new, being rst proposed in 1960.

It has been used to model attenuation of wireless signals traversing multiple paths and to study
the impact of fading channels on wireless communications.

The Probability Density Function (PDF) of Nakagami - m fading is parameterized by m and
IS given as

2mmX2mfl

—mx2=P; . .
We mx ,m 05

fm(X) =

The power distribution for Nakagami fading is

m,. xm-1 _
Y e ™Pr-m 05

fre (9= ()" )

Empirical Channel Model

Actual environments are too complex to model accurately.

In practice, most simulation studies use empirical models that have been developed based on
measurements taken in various real environments.




