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Pulse Modulation

What if the carrier signal were apulsetrain
rather than a sinusoid?

Can create various ways of transmitting
information

Pulse Amplitude Modulation
Pulse Width Modulation
Pulse Position Modulation
Pulse Code Modulation




Pulse Modulation
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Pulse Amplitude Modulation

¢ Pulse Amplitude Modulation
« Modulate a pulse train with
information signal
e Form of AM
¢ Two types of PAM
* Natural PAM:
— Top of pulse conforms to
signal shape
e Flat Top PAM

— Narrow pulses — pulse
amplitude constant for
duration of pulse

(a

(b)

(c

waveform \\ J L I I/

waveform

Input / )

Sample
pulse

Output
waveform




Pulse Code Modulation

* Encode PAM signal digitally

» Each analog PAM sampleis assigned a binary
code

» Thedigital signal consists of block of n bits,
where each n-bit number isthe amplitude of a
PAM sample pulse

» Basically Analogto Digital (A/D) conversion

A/D Waveform Coders

» Waveform Coders 203
- Convert any analog signal to digital -~ *[®
basically A/D converter ”ﬁ;é SR () ) by
* Analog signal sampled > twice highest g0l /[ [ [\ 7
frequency- then quantized into " n* bit & :’ﬁj /4/ B o et St
samples 1 A N4 B
* Uniform quantization 0 g.g(_; o

» Example Pulse Code Modulation 2 e

« band limit speech < 4000 Hz |
* pass speech through m law compander

« sample 8000 Hz, 8 bit samples 2bit |

* 64 Kbps DSO rate —
« Characteristics i

« Quality — High '

« Complexity — Low e | ‘ ﬂ[ﬂ ‘
« Bit rate — High | AL ”‘ L

*Delay - Low L
* Robustness - High




PCM Speech Coding

PCM

mlaw compander

Transmission
medium

Analog
output

mlaw expander

PCM system with analog companding — ITU G.700 standard

mlaw compression characteristics

Companding

Nonlinear amplification in-order
to equalize SNR across
samples.

Relative output amplitude

Relative input amplitude




PCM Speech Coding

« Digitally companded PCM system — ITU G.711 standard
« better quality speech than analog companding

Analog Linear Compressed
input PCM PCM

PCM transmitter
Transmission
medium

Analog Linear
PCM

PCM receiver

« Differential PCM (DPCM) : reduce bit rate from 64 Kbps to 32 Kbps)
* since change is small between sample — transmit 1 sample
« then on transmit difference between samples — use 4 bits to quantize
» adaptively adjust range ofquantizer — improves quality (ADPCM ITU G.726)

Digital n255 compression characteristics (positive values only)

Segment +7 64:1 compression ratio
Segment +6 32:1 compression ratio

Segment +5 16:1 compression ratio

Segment +4  8:1 compression ratio

Segment +3  4:1 compression ratio

Segment +2  2:1 compression ratio

Relative output amplitude

+1 11 no o]

Segment +0  1:1 no compression

Relative input amplitude




DPCM Speech Coding

Encoded
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DPCM receiver

Pulse Code Modulation

By quantizing the PAM pulse, original
Isonly approximated

L eads to quantizing noise

signal

Signal-to-noise ratio for quantizing noise

SNR,, =20log2" +1.76 dB = 6.02n+1.76 dB

Thus, each additional bit increases SNR by 6

dB, or afactor of 4




Delta Modulation

» PCM requires high bit rate — Delta Modulation
reduces bit rate

* Analog input is approximated by staircase
function
— Moves up or down by one quantization level (d) at

each sampling interva

* The bit stream approximates derivative of
analog signal (rather than amplitude)
— 1 isgenerated if function goes up
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Figure 6.18 Example of Delta Modulation




Delta Modulation

» Two important parameters
— Size of step assigned to each binary digit (d)
— Sampling rate
» Accuracy improved by increasing sampling rate
— However, this increases the data rate
» Advantage of DM over PCM isthe smplicity of its
implementation
» Adaptive DM — adjusts the step size (d) based on
window of past samples

Adaptive delta modulation

Reconstructed

/ analog

./

Slope overload Granular noise
reduced minimized

Original

analog \




Reasons for Growth of Digital Techniques

» Growth in popularity of digital techniques for
sending analog data
— Repeaters are used instead of amplifiers
 No additive noise

— TDM isused instead of FDM
» No intermodulation noise

— Conversion to digital signaling allows use of more
efficient digital switching techniques

Typical Communication system

|




Signal propagation ranges

* Transmission range
— communication possible
— low error rate

» Detection range

— detection of the signal
possible

— no communication
possible
* Interference range

— signal may not be
detected

— signal adds to the
background noise

distance
detection

interference

Classifications of Transmission Media

» Transmisson Medium
— Physical path between transmitter and receiver
* Guided Media
— Waves are guided along a solid medium (i.e., man made)
— E.g., copper twisted pair, copper coaxial cable, optical fiber
» Unguided Media

— Provides means of transmission but does not guide
electromagnetic signals

— Usually referred to as wireless transmission or naturally
occurring medium

— E.g., aimosphere, outer space, sonar
— Requires an antenna

10



General Frequency Ranges

» Microwave frequency range
— 1 GHz to 40 GHz
— Directiona beams possible
— Suitable for point-to-point transmission
— Used for satellite communications
» Radio frequency range
— 30MHzto 1 GHz
— Suitable for omnidirectional applications
* Infrared frequency range
— Roughly, 3x10* to 2x10'4 Hz

— Useful in local point-to-point multipoint applications
within confined areas

dB vs absolute power

Power (signal strength) is expressed in dB for
ease of calculation (all relative quantities)

dBm: reference to 1 mW
dBW: referenceto 1 W

Example: 100 mW = 20dBm =-10 dBW
—10log;, (100 mW /1 mW) = 20dBm
— 10log,, (100 mW / 1 W) = -10 dBW

In general dBm value = 30 + dBW value
Note 3 dB implies doubling/halving power




Theoretical Propagation Models : The Free
Space Loss

Simplest model is Free Space Model

Assumption

— Transmitter and receiver are in free space

— No obstructing objects in between

— The earth is at an infinite distance!

The transmitted power is P,

The received power is P,

The path loss is L, = P, (dB) — P, (dB)

Isotropic antennas

— Antennas radiate and receive equally in all directions with unit gain

d

[ ;

Free space loss

« Transmit power P,
* Received power P,
* Wavelength of the RF carrier | = c/f
« Over a distance d the relationship between P,

and P, is given by:

2
R = %
(4p)°d

* In dB, we have:

P, (dBm)= P, (dBm) - 21.98 + 20 log; (1) — 20 log;, (d)
Path Loss = PL = P, — P, = 21.98 - 20log;(! ) + 20log,, (d)
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Example

10 T T T

" P,=5W
- f =900 MHz
-20 | =0.333m

P _indBm
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1 3
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distance from Tx in m

Isotropic transmit antenna

— Radiates signal equally in all
directions

Assume a point source

— Atadistance d from the
transmitter, the area of the sphere
enclosing the Tx is

A = 4pd?
— The “power density” on this

sphere is
P/ 4pa?
Isotropic receive antenna

— Captures power equal to the
density times the area of the
antenna

— Ideal area of antenna is
A= 1%4p
The received power is:
P, =P/ 4pd?” 12/4p = P, |2/(4pd)?

P.=P/L,

13



General Free Space Signal Propagationgzy

* Notice that factor of 10 increase In
distance => 20 dB increase in path loss
(20 dB/decade)

Distance Path Loss at 880 MHz
1km 91.29dB
10Km 111.29dB
* Note that higher the frequency the
greater the path loss for a fixed distance
Distance 880 MHz 1960MHz

1km 91.29 dB 98.25 dB

thus 7 dB greater path loss for PCS band
compared to cellular band

Isotropic and Real Antennas

* Isotropic antennas are “ideal” and cannot be
achieved in practice
— Useful as a theoretical benchmark

» Real antennas have gains in different directions

— Suppose the gain of the transmit antenna in the
direction of interest is G, and that of the receive
antennais G,

— The free space relation is:
P =P,G,G, | 2(4pd)>
« The quantity P, G, is called the effective
isotropic radiated power (EIRP)

— This is the transmit power that a transmitter
should use were it having an isotropic antenna
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Path Loss Models

Commonly used to estimate link budgets, cell sizes and
shapes, capacity, handoff criteria etc.

“Macroscopic” or “large scale” variation of RSS

Path loss = loss in signal strength as a function of
distance

Terrain dependent (urban, rural, mountainous), ground reflection,
diffraction, etc.

Site dependent (antenna heights for example)

Frequency dependent

Line of site or not
Simple characterization: PL = L, + 10a log,,(d)

— Ly is termed the frequency dependent component

— The parameter a is called the “path loss gradient” or exponent
— The value of a determines how quickly the RSS falls

Environment Based Path Loss

Basic characterization: L, = L, + 10a log,(d)
Can be written in terms of received power:
P.=KP,d?

a determined by measurements in typical environment

— For example
¢ a=2.5 might be used for rural area
¢ a = 4.8 might be used for dense urban area (downtown Pittsburgh)

Variations on this approach
— Try and add more terms to the model
— Directly curve fit data: Okumura-Hata, and COST 231

— Do some measurements and feed it into simulations (ray
tracing)

15



Okumura-Hata Model

* Okumura collected measurement data in the cellular
band (900 MHz) and plotted a set of curves for path
loss in urban areas

« L, =69.55+26.16 logf, — 13.82 log h,, — a(h,,) +
(44.9 -6.55 log h,)log d
e a(h,) =3.2 (log [11.75 h .])2 — 4.97 dB
— h, =2 m —receiver antenna’s height
— h, =100 m — transmitter antenna’s height
— f, =900 MHz — carrier frequency
- =>1,=11814+318logd
- d=5km=L,=140dB
* Note: f; is in MHz, d is in km, and antenna heights
are in meters

— Hata came up with an empirical model for Okumura’s curves

Example of O-H Model

Consider the parameters

— h,e =2 m—receiver antenna’s height

— h, =100 m — transmitter antenna’s height
— f. =900 MHz — carrier frequency

Lp =118.14+ 31.8 logd

— The path loss exponent for this particular case is a =
3.18

What is the path loss at d = 5 km?
—d=5km=>L,=118.14 +31.8log 5 = 140.36 dB

If the maximum allowed path loss is 120 dB,
what distance can the signal travel?
—L,=120=118.14 +31.8logd =>d =
1D@86/31.8) = 1 14 km
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COST 231 Model

* Models developed by COST
— European Cooperative for Science and Technology
— Collected measurement data

— Plotted a set of curves for path loss in various areas
around the 1900 MHz band

— Developed a Hata-like model
L,=46.3 +33.9logf,—13.82 log h - a(h,) + (44.9-6.55
log hy)logd + C

» Cis a correction factor

— C=0dBindense urban; -5 dB in urban; -10 dB in
suburban; -17 dB in rural

* Note: f, is in MHz (between 1500 and 2000 MHz), d is in
km, h, is effective base station antenna height in meters
(between 30 and 200m), h,, is mobile antenna height
(between 1 and 10m)

Cell

» Cellis the area covered by a single transmitter
» Path loss model determines the size of cell

S
R

distance
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Antennas

* An antenna is a way of converting guided
signals into electromagnetic radiation as
efficiently as possible in the direction
required

* An antenna has a near field and a far field

— The near field is called the Fresnel region (close
to the antenna)

— The far field is called the Fraunhofer region (far
away from the antenna)
» The radiation pattern of an antenna is the
way in which energy propagates in the far
field of an antenna as a function of direction

Antennas

Antenna

— Converts guided signals into
electromagnetic radiation as efficiently as
possible in the direction required

Radiation pattern

— Way in which energy propagates in as a
function of direction

Antenna Beamwidth

— The beamwidth is the angle of coverage
where the radiated energy is 3 dB down
from the peak of the beam (haltpower)

Front-to-Back Ratio
— The ratio of the power in the main lobe to

the power in the lobe created at the back of
the antenna




Example of Antenna Pattern

polar plot

x-y rectangular plot
I

Antenna Gain

The “gain” of an antennain a given direction is
the ratio of the power density produced by itin
that direction divided by the power density that
would be produced by areference antennain the
same direction

Two types of reference antenna are generally used
— Isotropic antenna: gain is given in dBi
— Half-wave dipole antenna: gain is given in dBd
Manufacturers use dBiin their marketing (to show
a slightly higher gain) T
dBi=dBd + 2.15dB _D

1
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Antenna Gain

Antenna Gain: 0 dBi

[

G- dr A, = Isotropic (dBi)
Az Isotropic Pattern = Dipole (dBd)
“~ = Gain
A, = Effective Dipole Pattern \a
Aperature, e
related to the X
size of the
antenna
[
"'u. 3 {dBd)= 5.15 (dBi)
. ' %
Sowcer Deche 0 (dBd) = 2.15 (dBi)

Antenna Beamwidth

* By narrowing the beamwidth we can increase
the gain and create sectors at the same time

» Graph shows 3 sectors with different horizontal

antenna beamwidths

Source: Dacibel Products website

AT ANTENN L 1 B AMTERNAS
>

1.4 185 ANTEMMAS
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Cellular Antennas

Cells are typically sectored
into 3 parts each having 120°
sector of the cell to cover

1 transmit antenna in middle
of each sector face

2 receive antenna at edge of
sector face on the tower.

This is done to provide
antenna diversity — it combats
fast fading —as only 1
antenna will likely be in fade
at any point in time. Can get
3-5 dB gain in the system

Antennas

» Down Tilt: process of forcing the antenna ]
beam downward to reduce co-channel [
interference
— Mechanical Down tilt
¢ Simply tilt the antenna manually (i.e.: the
antenna appears to be at an angle)
— Electrical Down tilt

« Down tilt is performed by injecting a different
phase delay to each of the elements in a dipole

array. The beam is forced downward, but the ] ’
physical antenna still appears to be vertically
straight up .
. . 450 Beamwidth
» Directional antennas can be created 19 dBd Gain
using antenna arrays or horn/dish Panel Antenna
elements

21



Antenna Examples

Monopole 4 element

T
T
Tl
irt
Tl
irT

A
T

=f

Grid Reflector
Antenna

Omnidirectional  dipole aray  Panel Array of

dipoles
for sectored
cell

Cell Planning

e Link Budget
— Used to plan useful radio coverage of cells

Relates transmit power, path losses, margins,
interference, etc.

Used to find max allowable path loss on each link

— Typical Factors in Link Budget

Transmit Power,

Antenna Gain, Diversity Gain,
Receiver Sensitivity

Shadow Margin, Interference Margin,

Vehicle Penetration, Body Loss, Building Penetration,
etc..

— Gains are added, Losses are subtracted — must
balance

22



Link Budget

Link

Up

Down

TX Power

30dbm

30dbm

Antenna Gain

Antenna Diversity Gain

Shadow Marain

Body Attenuation

Vehicle Penetration

Receiver Sensitivity

-105

-90

Path Loss Budaet

126 db

108 db

Typical Cellular System Downlink Limited!

Guided Media Propagation

Guided Transmission media

Transmission line

— Coax cable, twisted pair, fiber optic cable, etc.
Signal propagation characterized by

transverse EM wave

Modeled by distributed circuit and standing

waves

Have link budget just as in unguided case
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Transverse electromagnetic wave

E — electric field = E 5, Sin(wt— bX)

H — magnetic field = H,,, sin(wt — bx)

b=2p/l , w=2pf

| =vy/f —
¥

- Direction of

propagation
H
X
e
g
»
.
(L L L LA
FIGURE 12-20 Developing a standing wave on a transmission line: (a) incdent wave; (b) reflected wave; (c) standing wave
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