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Basic Wireless Communications System
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Why digital communications?

= | Any noise introduces distortion to an analog signal. Since a digital
receiver need only distinguish between two waveforms it is possible to
exactly recover digital information.

» Many signal processing techniques are available to improve system
performance: source coding, channel (error-correction) coding,
equalization, encryption

Digital ICs are mexpensive to manufacture. A single chip can be mass
O A
produced at low cost, no mater how complex

» Digital communications allows integration of voice, video, and data on
a single system

= | Digital communication systems provide a better tradeoff of bandwidth
efficiency and energy efficiency than analog
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Sampling

» Sampling makes signal discrete in time

» Sampling Theorem says that a band-limited signal
can be sampled without mmtroducing distortion

= Baseband sampling theorem

. [ >2B

= B - absolute bandwidth




Quantization

= Quantizer makes signal discrete in amplitude

= Unlike sampling, quantization mtroduces some
distortion

= Data rate out of quantizer dependent on sampling
rate and number of quantization levels

= Good quantizers are able to use few bits and
introduce small distortion




Source Coding

» Quantization — method of converting analog
message to digital message

= | Digital Source coding

(compression) — method of

removing the redundancy from the digital data

o e.g., Huffman coding

=| Analog source coding

— combination of

quantization and compression

o Takes advantage of the redundant information in

the analog source

o e.g., vocoders




Encryption

Encryption techniques can ensure data privacy

Encryption 1s what we think of when we think of
spies and secret decoder rings - Communications
engineers use the word "coding" for other 1deas
Very good "public key" encryption algorithms exist
- this worries the folks at NSA

We will not talk about encryption in detail
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Channel Encoder

» Provides protection against transmission errors by
selectively inserting redundant data

» Note that quantizer and source encoder work to squeeze out
redundant information. The channel encoder nserts
redundant information in a very selective manner to protect
against transmission errors

» Also called Forward Error Correction (FEC) coding

» Error correction coding plays an important role in digital
communications, especially spread spectrum systems




‘ Modulator

= Converts digital data to a continuous waveform suitable for
transmission over channel - usually a sinusoidal wave

= Information 1s transmitted by varying one or more parameters
of waveform:
2 Amplitude
o Phase
o Frequency
= Although we modulate a high frequency smusoid, we will

study the modulation in terms of complex baseband (using a
signal space approach)




Examples of Modulation

» Amplitude Shift Keying (ASK) or On/Off Keying

(OOK): 1= Acos(27f 1)
0=0
= Frequency Shift Keying (FSK):
1= Acos(27 ;1)
0= Acos(27 f,t)

= Phase Shift Keying (PSK):

1= Acos(2mf.t)
0= Acos(2nf.t + 1) =—Acos(2nf 1)




Channel

» Carries signal - could be a telephone wire, free space

» Presents distorted signal to demodulator. Effects include
attenuation, noise, fading.

» Fading 1s very important - studied in Cellular and Personal
Communications class

a Rayleigh fading
o Ricean fading

2 Log-normal “shadowing”

» We will usually assume a very simple channel - additive
Gaussian noise (AWGN)




Classical vs. Modern Wireless Systems

The attributes of a classical digital communications system:

2> AWGN channel (Additive signal and noise, Gaussian
noise, infinite bandwidth)

= System performance 1s typically noise limited.

= Recerver structure 1s simple (matched filter 1s optimum).

= Relative motion between transmitter and receiver 1s not
important and 1s usually 1gnored.

= Path loss 1s the enemy of system performance since
increased path loss reduces received signal power and
therefore capacity.
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Classical vs. Modern Wireless Systems

The attributes of a modern wireless system:

= Channel 1s time dispersive due to fading (multipath).

= System performance 1s typically limited by interference
rather than by noise.

= Optimal receiver structure 1s typically complex. For
Example:
= Rake receivers to mitigate mutipath

=2 Maximum sequence estimation
= Path loss 1s our friend since path loss supports frequency

reuse. Frequency reuse 1n turn gives rise to a cellular
architecture.



