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Main Difference between
Wired and Wireless

* Signal not “sealed” in the cable -
power loss over long distance & obstructions

* [ ow Signal-to-Noise Ratio (SNR)
—> erroneous transmission

* Multi-path
* Rapid signal fluctuation and self-interference
* Shared medium

« Shared bandwidth & interference



Outline

Modulation - how to represent information with waveform
Path loss - power loss over distance

Multi-path fading -
rapid power fluctuation & self-interference

Multiplexing - how to share
Additional MAC designs
Rate adaption

What can we do (for WiFi systems)



The fundamental waveform -

sinusoldal wave

y = cos(wt) = cos(2m f1)

w . angular frequency
(BEAURREEZDINE)

w=2rf

f: frequency (Hz)
(BEMNFEEZ D2 pi, E)

How about
y = cos(2m - (2.4 - 1()9) )7
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Sinusoidal Wave -
Initial Phase

Initial phase created “shifted” waveform

1




Modulation -
How to represent information®

e Symbol: map to a number of bits
 Example: When one symbol map to:

* 1 bit, then there are 2 kinds of symbol, mapping
to "0" and “1°

e 2 bits, then there are 4 kinds of symbol, mapping
to “007, “01”, “10", and “11”

 Each symbol corresponds to a particular wavetorm



Phase Shift Keying (PSK)

Binary Phase Shift Keying (BPSK, or 2-PSK)

s(t) = cos(2m f.t + 0) hit “0”
s(t) = cos(2m fot 4+ ) = —cos(2nf.t)  bit “1”
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Amplitude Shift Keying
(ASK)

4-Amplitude Shift Keying (4-ASK)

1 2 3
t) = a; 2T f1 T , =5 = 1
s(t) = a; cos(2m ft) a {444}
v Q: Think about 8-ASK.
0\/\/\/\/\/\/\/\/\/\/ - what would the
waveforms look like?




Power 0SS and noise

| n(t). noise
rit) = @S(t) +nlt) a(t): path loss
/ signal power
SNR = 5—2
: \ noise variance (power)



SNR versus Error Rate

Low SNR —> hard to decode
SNR=0dB ~ —> higher error rate SNR=6 dB
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Path Loss

* Noise level is usually fixed
(given a particular environment)

e Path loss determines the SNR (and error rate)

 Path loss Is usually determined by
distance & obstruction



-  Fris Formula

RX Antenna
X Antenna . Ae Antenna gain G
4
EIRP= PG, G = A—ZAe

Power spatial density (W/m?2)
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Friis formula &
path loss exponent

* Free space path loss exponent = 2
(1%);/\)/er attenuates with a factor of
Xponent
Free-space 2
* Higher frequency signal
experiences larger path loss (with

Urban area cellularradio  2.7-3.5

the same antenna gain) Shadowed urbancellular  3-5
radio
. 1 In building LOS 1.6t0 1.8
* |nreality, Pr —
d Obstructed in building 4106

v : path loss exponent

Obstructed in factories 2t03



Multi-(propagation-)path
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Multli-path —>
power fluctuation (fading)
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Multi-path —> inter symbol interference
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Multiplexing -
how to share the medium

* Wireless channel is a broadcast channel
—> when you transmits, “everyone can hear’

 Duplexing: allows TX & RX to both happen
Multiplexing:
allows multiple sets of TX and RX to both happen

 Examples of multiplexing methods:
Spatial, frequency, and time multiplexing



Spatial Multiplexing
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F e q Uen Cy— Non-Overlapping Channels for 2.4 GHz WLAN

802.11b (DSSS) channel width 22 MHz

DlVISlon 24 Btz 283560 25 GHz
Multiplexing —

802.11g/n (OFDM) 20 MHz ch. width - 16.25 MHz used by sub-carriers

2.4 GHz 2.4835 GHz 2.5 GHz

.

20MHz ch. width, without ch. 12 & 13 (United States customary):

2.4 GHz 2.4835 GHz 2.5 GHz

-

802.11n (OFDM) 40 MHz ch. width - 33.75 MHz used by sub-carriers

2.4 GHz 2.4835 GHz 2.5 GHz




Time-Division Multiplexing
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Additional MAC

Design for

Collision Avoidance

. |EEE 802.11 (WiFi)

e HandshakePQg[

RTS (Request to send)
CTS (Clear to send)
Data

ACK (Acknowledgement)

.« {ER

NAV (Network Allocation Vector)

ECTSHEREE(RE R EEE
(EHFCSMA)
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BER {upper bound)
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Rate Adaptation

Throughput
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What can / can’t we do
(to improve WikFi systems)?

e Can'’t:

* Wireless channel (time variation, ISl)

* Type of modulation (standard)

e Can:

* Bandwidth (20/40/80/160 MHz)
* Frequency (2.4 GHz, 5 GHz, channel assignment)
e Data rate (e.g., 1 Mbps, 2 Mbps, 5.5 Mbps, etc.)

* Planning:

* Transmission power
* Location of the AP (distance, obstruction)

 Traffic throttling



HOow do we add more
system capacity”?
 We can add more APs!
 But TX power (AP/client) needs to be scaled down.

e Otherwise:

e Collision

» Back-off (MAC)

* Rate adaption algorithm selects a lower rate



