3%, |15-441 Computer Networking

Lecture 3 — Physical Layer

Outline

» RF introduction

» Modulation

= Antennas and signal propagation

» Equalization, diversity, channel coding
= Multiple access techniguas

= Wireless sysiems and standards
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From Signals to Packets
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= RF introduction
- Modulation
= Antennas and signal propagation

= Equalization, diversity, channel coding
= Dynamac egualization
= Dwversity in space, frequency, and time

» Multiple access techniques

= Wireless systems and standards
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Diversity Technigues IE

= Distribute signal cwer multipls “channels”
+ Channels sxperience independent fading
+ Reduces the ermar, e, only par of e signal is affected
= Time diwersity: spread data out over time.
v Uksedul for bursty ermors, e.g slow fading
» Space diversity: use mulliple nearby antennas
and combmne signals.
+ Can be direscional
= Frequency diversity: spread signal over a multiple
frequencies.

+ For example, spread spectrum
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Time Diversity @

= Spread blocks out over time.

= Can use FEC or other ermor recovery
techniques to deal with burst ermors.
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Channel Coding ﬁ

» Channel coding protects digial data
introducing ra:lguﬂ:lancy' in %E 1r=|n5-rr1t'r?;|=_t|:| dsta.
+ Eror detection codes: can idendfy certain types of

BITDIS
+ Eror cormeciion codes: can fic cerlain types of emors

» Block codes provide Forward Error Correction
{FEC) for blocks of data.
v [n, k) oode: n bils are raremiied for k nformeston biks
+ Simplest example: parity codes
+ My different codes exst Hamming, cydic, Reed-
Soloman, ..
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Space Diversity ﬁ

o U muliple antennzes that pice up e signal in i
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» Nuliple space diversity recepion methods:
v Sakectichn drsnaty. pak s vl sl SHR
v stk s g ey enly swileh s skl Dol waak
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Spread Spectrum and CDMA |ﬁ|

» Basic idea: Use a vader bandwadth than nesdad
o transmit the signal.
- Why??
« Dan’t put all your epgs in one besket!
+ Resstance o jamming and inlerference
= |1 e maD-cfui il oo SRkl waioud elall Diareds 1Fmd s
= Dl o il by
* Minerace e G & "Dl Tnedpt fasy
+ Pupuda-encryption
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= Two techniques for spread spectrum...
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Example: Criginal 80211 Sl::andarc“

» Used frequency hoppang.
= B3 channels of 1 MHz {only 78 usad in US).
+ Each channel camies only = 1% of the bandwidth
» The dwell time is 280 msec.
v iransmitenrecsiver mus! be symchronioe:d!
= Standard defned 26 orthogonal hop sequences.

» Transmitter used a beacon on foeed frequency to
infarm the receiver of the hop sequence that will
be usad.

» Can support multpde sEmultaneous transmissions

— use different hog sequences.
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Frequency Hopping 55 m

« Pick a2 == al freqguences within & band

+ Afeach Sme shol, pick a new frequency
v Ex il TeGE B 11 e 300me Limi alids
v Eact It oy M B Do O L ConSrial = 650sl

+ Dhwedl time s e ime spent wsing one freguency

+ Spreading code delermines the hopping sequence
v Wusl Do Eheeed Dy stk and ricercir B0 alarsdlsnioesd|
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80211 Spectrogram m




