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Wireless communication

• Ancient Systems: Smoke Signals, Carrier Pigeons, …
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• Radio based wireless communication invented by Marconi
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Wireless Spectrum: ISM band
Radio spectrum reserved internationally for Industrial, Scientific, and 

Medical (ISM) purposes
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Wireless Spectrum: ISM band
Radio spectrum reserved internationally for Industrial, Scientific, and 

Medical (ISM) purposes
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902 MHz - 928 MHz
26 MHz

2.4 GHz – 2.5 GHz
100MHz

5.725 GHz – 5.825 GHz
150MHz

LTE 5G unlicensed
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https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
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Modulation: Mapping from Bits to Symbols

https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
https://en.wikipedia.org/wiki/In-phase_and_quadrature_components
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Pulse Shaping
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DAC (Digital Analog Converter): Taking digital 

signal values and turning into analog signal, i.e., 
current/voltage on the circuit
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Analog domain:

Analog signal processing is complicated! 

Digital domain:

Digital signal processing is much easier! ☺
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Digital Domain Analog Domain
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BPF (Band Pass Filter): 
Removes Frequency Signals outside 

desired frequency of operation

Wireless communication system
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Amplify the signal with minimal noise
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ADC (Analog-to-Digital Converter): 
Taking analog signal and digitizing it, i.e. 

sampling and quantizing the signal values.
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Wireless channel

51

Wi-Fi AP 1 Mobile 
devices 1
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Multipath 3

Transmitter ReceiverWireless Channel

Wireless channel changes the received signal!



Wireless channel estimation
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Channel estimation describes how the
transmitted signal becomes the received signal

Reconstruct the transmitted
signal by reverse the channel
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Up/Down Conversion

Baseband
0 B

Passband Baseband
0 B

Why do we need the up/down conversion ?

❖Why not transmit everything at baseband (low frequency band)?

Not enough bandwidth
Data rate ∝ bandwidth 

Frequency band becomes crowed 



Wireless Spectrum
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Up/Down Conversion

Baseband
0 B

Passband Baseband
0 B

Why do we need the up/down conversion ?

❖Why not transmit everything at baseband (low frequency band)?

Not enough bandwidth

Antenna size ∝ wavelength

Data rate ∝ bandwidth 

Frequency band becomes crowed 



Up/Down Conversion

Baseband
0 B

Passband Baseband
0 B

Why do we need the up/down conversion ?

❖Why not transmit everything at baseband (low frequency band)?

❖Why not directly transmit at passband (high frequency band)?

Nyquist!



Nyquist sampling theorem

To truthfully recover a signal, we need to sample at twice the highest 

frequency, i.e., 2𝑓 
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Nyquist sampling theorem

To truthfully recover a signal, we need to sample at twice the highest 

frequency, i.e., 2𝑓 

Baseband
0 B

Sampling
Sample the signal at 2B

e.g., for Wi-Fi 802.11 b ≈ 40 MS/s

Passband

Sampling Sample the signal at 2𝑓𝑐 +B
e.g., for Wi-Fi 802.11 b ≈ 5 GS/s



How do we do the Up/Down conversion?
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How do we do the Up/Down conversion?

Mixer

PLL

LPF BPF LPFBPF

Mixer

PLL

Up-conversion Down-conversion

sin(2𝜋𝑓𝑡)

cos(2𝜋𝑓𝑐𝑡)

PLL (Phase Locked Loop): create a 
sine wave cos(2𝜋𝑓𝑡) 

Mixer: mix/multiply two signal

sin(2𝜋𝑓𝑡)

cos(2𝜋𝑓𝑐𝑡)

sin(2𝜋𝑓𝑡) ∙ cos(2𝜋𝑓𝑐𝑡)



How do we do the Up/Down conversion?
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sin(2𝜋𝑓𝑡) ∙ cos(2𝜋𝑓𝑐𝑡)

Passband

𝑓

𝑓𝑐

𝑓𝑐 + 𝑓𝑓𝑐 − 𝑓

=
1

2
[sin 2𝜋 𝑓𝑐 + 𝑓 𝑡 − sin 2𝜋 𝑓𝑐 − 𝑓 𝑡 ]



I-Q plane and
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