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Lecture 2: Review: Wireless Communication
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The Wireless Spectrum

Auctioned 2.4 GHz band
spectrum Used by more than 300
consumer devices, including
D Garage Wireless microwave ovens, cordless
BroadcastTV  door Cell medical Cell phones and wireless Wi-Fi
Channels 2-13 openers phones telemetry phones networks (Wi-Fi and networks
. . Bluetooth)
3 500 1 1.5 2 | 3 4 5
kHz MHz GHz GHz GHz GHz GHz GHz

— 1
- * -

AM radio Remote- BroadcastTV GPS Satellite Weather Cable TV
535 kHz controlled UHF channels (Global positioning radio radar satellite
to 1,700 kHz toys 14-83 systems) transmissions

PERMEABLE ZONE SEMI-PERMEABLE ZONE

Frequencies in this range are considered Difficult for signals
more valuable because they can penetrate to penetrate dense
dense objects, such as a building made objects

out of concrete

Visible
Microwaves Infrared light Ultraviolet X-rays Gamma rays
Lowest @ @-ocuoeneseeanenanaaanenes | S T T M R e L ®
: .|
Trequancies RADIO WAVE SPECTRUM
3 kHz wavelength 300 GHz wavelength

Highest
frequencies



The Wireless Spectrum
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Wireless Communication System
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Up/Down Conversion

Baseband Passband Baseband
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Why do we need to up/down conversion?

* Why not transmit everything at lower frequencies?

— Data rate & bandwidth

—— Not enough bandwidth: —

— Different Technologies
——— Antenna size o« wavelength
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Up/Down Conversion

Baseband Passband Baseband
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Why do we need to up/down conversion?

= Cannot transmit everything at low frequencies.

"  Why not transmit & receive directly at high frequency?

Nyquist!



Nyquist Theorem

To recover the signal properly, we need to sample at twice
the highest frequency, i.e. 2fmqx
Baseband M\

» Sample at 2B

o B e.g. WiFi 802.11b = 40 MS/s

Passband /\ » Sample at 2f. + B

0 . e.g. WiFi 802.11b =~ 5 GS/s




Up/Down Conversion
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How to we do up/down conversion?
s(t)=—» x —> s(t) cos(2mf.t)

!

cos(2mf.t) * PLL(Phased Lock Loop): create the
cosine wave signal cos(2mf.t)

* Mixer: multiples the two signals
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How to we do up/down conversion?
s(t) —> x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! ]

cos(2mf,t) cos(2mf,t)

s(t) cos*(2mf.t) =s(t) (; | ; cos(2m 2f. t))



Up/Down Conversion
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How to we do up/down conversion?
s(t) —> x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! ]

cos(2mf,t) cos(2mf,t)

¢ t)

s(t) cos*(2mf.t) =s(t) (; | ;\.Q = %S(t)



Up/Down Conversion

s(t) —> x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! ]

cos(2mf,t) cos(2mf,t)




Up/Down Conversion

s(t) —» x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! !

cos(2mf,t) cos(2mf,t)

Consider using PAM: Pulse Amplitude Modulation

4 PAM: 11 10 00 01

2 bits/symbol _=3 ) M) 3




Up/Down Conversion

s(t) —» x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! !

cos(2mf.t) cos(2mf.t)
“Consider using QAM:Quadrature Amplitude Modulation
1




Up/Down Conversion

s(t) —» x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! !

cos(2mf.t) cos(2mf.t)
Consider using QAM:Quadrature Amplitude Modulation
A
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Up/Down Conversion

s(t) —» x —> s(t) cos(2mf,t) — x —> s(t) cos*(2mf.t)

! !

cos(2mf,t) cos(2mf,t)

“Consider using QAM:Quadrature Amplitude Modulation
s(t) is complex: s(t) =1+ jQ



Up Conversion

s(t) —» x—> s(t) cos(2mf.t)

!

cos(2mf,t)

“Consider using QAM:Quadrature Amplitude Modulation
s(t) is complex: s(t) =1+ jQ



Up Conversion

Re{s(t)} —» x —> [ cos(2mf,t)
f R
cos(2mf.t) ——>] cos(2mf,t)
J —Q sin(27f.t)
Im{s(t)}—> x —> Q sin(2nf,t)
|

sin(2mf,t)

“Consider using QAM:Quadrature Amplitude Modulation
s(t) is complex: s(t) =1+ jQ



Down Conversion
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Down Conversion
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion
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Up/Down Conversion
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Up/Down Conversion

Transmitter Receiver
Up-conversion Down-conversion




Up/Down Conversion

Transmitter Receiver
Up-conversion Down-conversion




Wireless Communication System

Mixer

Transmitter Ref } \ m

) DAC LPF BPF
Bits

‘ PLL {1\, )))
| Bits-'\t/loa-s\r/:rbols I_» J\ -+ PA

90°
Modulation Puls.e
(Encoding) Shaping

DAC LPF Mixer BPF

Receiver l \ " \ <
BPF LPF ADC Bits
) ()

Symbols-to-Bits

Mapper
LNA m Channel Demodulation

Equalization (Decoding)
&
Synchronization

BPF Mixer LPF ADC



Wireless Communication System

Transmitter

Bits

\ 4

| Bits-to-Symbols

Mapper

Modulation
(Encoding)

Receiver

Bits

J)

Symbols-to-Bits
Mapper

Channel Demodulation
Equalization (Decoding)
&

Synchronization



Wireless Communication System

Mixer

Transmitter Ref } \ m

) DAC LPF BPF
Bits

‘ PLL {1\, )))
| Bits-'\t/loa-s\r/:rbols I_» J\ -+ PA

90°
Modulation Puls.e
(Encoding) Shaping

DAC LPF Mixer BPF

Receiver l \ " \ <
BPF LPF ADC Bits
) ()

Symbols-to-Bits

Mapper
LNA m Channel Demodulation

Equalization (Decoding)
&
Synchronization

BPF Mixer LPF ADC



BPSK Modulation

0- -1
1-+1

x(t) y(t) = x(t) + v(t)

Transmitted Constellation Received Constellation



BPSK Modulation
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BPSK Modulation
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BPSK Modulation
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BPSK Modulation
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BPSK Modulation
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BPSK Modulation
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Encodes 2 bits per symbol =» Higher Data Rate



Encodes 4 bits per symbol =» Higher Data Rate
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16-QAM 4-QAM BPSK

Q
oM & ™ W
| b | | | | ¥

7*—3[ o E q

*

Must not Increase transmit
power to use higher order
modulation!




16-QAM 4-QAM BPSK
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16-QAM 4-QAM BPSK
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SNR =~ SNR == SNR = —
_NO _NO _NO

Need Higher SNR to Decode
Higher Order Modulation.




AQ iQ
. A
I “'ﬁ: I b I
1
4 bits/symbol 2 bits/symbol 1 bit/symbol

Higher Order Modulation:
* Needs higher SNR to decode correctly.
 Achieves higher Bite Rate

Given an SNR, choose highest order modulation

that guarantees minimal Bite Error Rate (BER)



Bit Error Rate (BER)
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Bit Error Rate (BER)

BPSK/4QAM |
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Error Detection

 Add Redundant bits in order to detect errors at receiver

* Checksums—> Detect Errors
 Parity Check

i
— d data bits —{fy

| 0111000110101011‘ 0 I

* CRC: Cyclic Redundancy Check
< d bits » «— r bits —

bit
‘ D:data bits to be sent‘ R:CRC bitsl pattern

* If packet (frame, sequence of bits) fails the checksum test
— Packet is dropped
— Packet loss.




Coding: Forward Error Correction (FEC)

e Add Redundant bits in order to correct errors at receiver

e FEC: Forward Error Correction
* Repetition Code

. S Output 1
* Convolutional codes ﬁ
* Reed Solomon codes Input D D D
* Turbo codes L
* Polar codes » Output 2
e LDPC codes
. Code Rate — # of data bits (uncoded)

# of transmitted bits (coded)

* E.g. coding rate 2/3, for every 2 data bits, | transmit 3 bits.
* \ code rate 2 N redundancy = /7 bit errors + 7 data rate
e 7 code rate 2 /7 redundancy = \ bit errors + \v data rate
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Data Bits \\/jreless Communication System

FEC

Bits

\ 4

Bits-to-Symbols
Mapper

gAY

Modulation

Receiver

J)

Pulse
Shaping

LNA

Re{ }
DAC
Jm{ }
DAC
Mixer

BPF Mixer

Mixer
LPF
PLL (M
9(0°
LPF Mixer

LPF ADC

LPF ADC

m

BPF

BPF

|

O
Jjl

Transmitter

PA

Channel
Equalization
&

Synchronization

)

Data Bits

FEC

Bits

Symbols-to-Bits
Mapper

Demodulation



Wireless Data Rates

* Data Rate

— Bandwidth: Samples/sec
— Modulation: Bits/sample
— Coding Rate: Data Bits/Coded Bits

Data Rate = Bandwidth X Bits/sample XCode Rate

* Capacity
* Maximum Achievable Data Rate
* Shannon Capacity Theorem:

Capacity = Bandwidthx log,(1 + SNR)

71



