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The Wireless Spectrum
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Transmitting & Receiving at Frequency 𝑓𝑐

• To recover signal, must sample at Nyquist: 2𝑓𝑐

• Upconvert and Downconvert the signal from 
baseband

• In Baseband: sample at 2 × 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ

At TX
𝑓𝑐

At RX
𝑓𝑐
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Up Conversion & Down-Conversion
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Digital Modulation

• Map Bits to Signal Values

• On-Off Keying (ASK):
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Digital Modulation

• BPSK : Binary Phase Shift Keying

• DBPSK : Differential Binary Phase Shift Keying
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SNR: Signal-To-Noise Ratio

– High SNR – easier to extract signal from noise (a “good thing”)

– Low SNR – hard to extract signal from noise ( a “bad thing”) 
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𝑆𝑁𝑅 =
𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑆𝑖𝑔𝑛𝑎𝑙 𝑃𝑜𝑤𝑒𝑟

𝑁𝑜𝑖𝑠𝑒 𝑃𝑜𝑤𝑒𝑟 𝑎𝑡 𝑅𝑋



SNR: Signal-To-Noise Ratio

Why not increase SNR by increasing your transmit power?

𝑆𝑁𝑅 =
𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑆𝑖𝑔𝑛𝑎𝑙 𝑃𝑜𝑤𝑒𝑟

𝑁𝑜𝑖𝑠𝑒 𝑃𝑜𝑤𝑒𝑟 𝑎𝑡 𝑅𝑋



Higher Order Modulation

• High SNR  Lower Bit Error  Use higher order 
modulation i.e. pack more bits per symbol
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Digital Modulation

• PAM : Pulse Amplitude Modulation
– Scale to maintain total average power
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Digital Modulation

• QPSK : Quadrature Phase Shift Keying

• DQPSK : Differential Quadrature Phase Shift Keying
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Digital Modulation

• QAM : Quadrature Amplitude Modulation
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Quadrature Modulation
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Quadrature Modulation
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Up Conversion & Down-Conversion
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Lecture: Rate Adaption 

1. BitRate 

BitRate is the number of bits that are conveyed or processed per unit of time. Every bit of the 

data is transmitted in the channel. Wireless channels are unstable and change over time. A good 

channel will have less noise to be added on the data signal. The SNR at the receiver will be 

higher. In this case, the transmitter is able to send more bits per symbol, resulting in the higher 

bitrate. In the other way, if the channel state is bad, more noise will be added on the data signal. 

SNR at the receiver will be decreased, which leads transmitter to transmit less bits per symbol.  

 

Bits per symbol will change with different modulations. Assuming the bandwidth is 1 MHZ. 

With good channel state, BPSK can transmit 1 bit/symbol, the constellation diagram of BPSK is 

shown in the Figure 1. The number of symbols that can be transmitted in a unit time is 1M/sec. 

Therefore, the bitrate for BPSK is 1Mb/sec. 4QAM is able to send 2 bits at each symbol. The 

bitrate for 4QAM is 2Mb/sec. 16 QAM is able to send 4 bits at each symbol. The bitrate for 

16QAM is 4Mb/sec. 

 

  

Figure1. Constellation for BPSK 

BPSK: 1 bit per symbol 16 QAM: 4 bits per symbol
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Maximum Likelihood Decoder
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Maximum Likelihood Decoder
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Maximum Likelihood Decoder
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Figure1. Constellation for BPSK 

BPSK: 1 bit per symbol 16 QAM: 4 bits per symbol
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How to map the bits to constellation points?
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Why is constellation centered at 0?



Bit-Error-Rate

• SNR versus BER tradeoffs
– given physical layer modulation:

Higher SNR  Low BER

– given SNR: choose physical layer 
that meets BER requirement, 
giving highest throughput
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Error Detection and Correction

• Add Redundant bit to 

• Checksums Detect Errors

– Parity Check

– CRC: Cyclic Redundancy Check
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Error Detection and Correction

• FEC: Forward Error Correction

– Repetition Code 

– Convolutional codes

– Reed Solomon codes

– Turbo codes

– LDPC codes

• Coding Rate
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Transmitter & Receiver Circuits 
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Data Rate

• Depends on Modulation & FEC
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• Given SNR, what is maximum rate that we can achieve?

– Shannon Capacity Theorem:
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𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ × log2 1 + 𝑆𝑁𝑅

Capacity of Wireless Channel


