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Link Budget and Flat Fading
Channels

Dr. Samir Alghadhban

Reading Material

* Haykin Chapter 8.4, 8.5, 8.7
* Proakis Section 4.10
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Multiple-Access Techniques

(b) Time-division multiple access.

(a) Frequency-division multiple access (c) Frequency-hop multiple access.
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Satellite Communications System
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Block Diagram of Transponder
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Radio Link Analysis

Link Budget is the totaling of all the gains and losses
incurred in operating a communication

link.

In particular, the balance sheet constituting the link
budget provides a detailed accounting of three broadly
defined items:

* Apportionment of the resources available to the
transmitter and the receiver.

* Sources responsible for the loss of signal power.

e Sources of noise.
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Radio Link Analysis
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Free Space Propagation Model
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Directive Gain, Directivity, and Power
Gain

the directive gain of an antenna, denoted by g(6, ®) is defined as the ratio of the
radiation intensity in that direction to the average radiated power

(6, ¢)

8o, ¢) = P

the directivity D is the maximum value of the directive gain g(6, ®)
Power Gain (G) is :

G = nradiadonD

Friis Free-Space Equation

The received power at distant d is

2
A
P, = P,G,G,.(W)

The path loss, PL, representing signal "attenuation" in decibels across the entire
communication link, is defined as the difference (in decibels) between the
transmitted signal power P, and received signal power P,

P,
10 10g10 (—P—)

:  (4md\’
= -10 ]ogw(GtG,) + 10 1og10 T

PL

1l

3/25/14



Power in a wireless system
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Calculations

20 dBm (TX Power AP)
+ 10 dBi (Antenna Gain AP)
- 2dB (Cable Losses AP)
+ 14 dBi (Antenna Gain Client)
- 2dB (Cable Losses Client)

40 dB Total Gain
-114 dB (free space loss @5 km)

-73 dBm (expected received signal level)
--82 dBm (sensitivity of Client)

8 dB (link margin) T’

Wireless Communications

The cellular concept relies on two

* Frequency reuse
* Cell splitting

Base station

Cell essential features, as described here:
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PROPAGATION EFFECTS
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PROPAGATION EFFECTS

(a) Constructive (b) destructive forms of the multipath

phenomenon for sinusoidal signals
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PROPAGATION EFFECTS

[llustrating how the envelope
fades as two incoming signals
combine with different phases.
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PROPAGATION EFFECTS

Received signal envelope, dBm
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Experimental record of received signal envelope in an urban
area.

Doppler Shift

the incremental change in the the change in the phase angle
path length of the radio wave of the received signal
is
2
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Binary Signaling over a
Rayleigh Fading Channel

The (low-pass) complex envelope of the received signal is modeled as follows:

x(t) = e exp(-—jo)s(t) + 10(t)

a is a Rayleigh distributed random variable describing the attenuation in
transmission, @ is a uniformly distributed random variable describing the phase-
shift in transmission

The average P_ will be
aZEb g€ Fe

The received SNR = -
YTN
No P, =JO Piyfly) dy .

For BPSK =1 /v
or Poly) = 3 erfc(Vy) Where y is chi-square distributed

fiy =+ exp(—l), y=0
Yo Yo
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Binary Signaling over a
Rayleigh Fading Channel
the mean value of the received signal energy per bit-to-noise spectral density

ratio

Yo = E[y]

carrying out the integration, we get the final result

Y
P"—_Z(1 \/1+'yo)
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TABLE 8.2 Bit error rates for binary signaling over a flat-flat
Rayleigh fading channel

Approximate Formula
Exact Formula for the for the Bit Error Rate,
Type of Signaling Bit Error Rate P, Assuming Large vy,
Coherent binary PSK 1 f Yo | 1
= (1 S S (. I
2 y1+ v Yo
Coherent binary FSK 1 { Yo 1
5(1 T2+ ’)’0) 270
Binary DPSK 1 1
, 2{1 + ) 2y
Noncoherent binary FSK 1 1
2+ v Yo

Binary Signaling over a
Rayleigh Fading Channel
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DIVERSITY TECHNIQUES

* Frequency diversity
* Time (signal-repetition) diversity
* Space diversity
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Practice Problems

* Proakis 4.50, 4.63, 4.64, 4.65
* Haykin 8.1, 8.4, 8.5, 8.6, 8.10, 8.11
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