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Wireless Data Rates
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• Data Rate

– Bandwidth: B Samples/sec

– Modulation: k Bits/sample

𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵 𝑆𝑎𝑚𝑝𝑙𝑒𝑠/𝑠𝑒𝑐 ×  𝑘 𝐵𝑖𝑡𝑠/𝑠𝑎𝑚𝑝𝑙𝑒

e.g. Bandwidth: B= 10 MHz

BPSK:
𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 10 𝑀𝑆/𝑠 ×  1 𝑏𝑝𝑠 = 10 𝑀𝑏𝑝𝑠

64 QAM:
𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 10 𝑀𝑆/𝑠 ×  6 𝑏𝑝𝑠 = 60 𝑀𝑏𝑝𝑠



Error Detection

• Add Redundant bits in order to detect errors at receiver

• Checksums→ Detect Errors
• Parity Check

• CRC: Cyclic Redundancy Check
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Error Detection

• Checksum added at the end of each packet. 

• If packet (frame, sequence of bits) fails the checksum test 

 → Packet is dropped → Packet loss. 

• Actual Throughput < Data Rate 
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Coding: Forward Error Correction (FEC)

• Add Redundant bits in order to correct errors at receiver

• FEC: Forward Error Correction
• Repetition Code 

• Convolutional codes

• Reed Solomon codes

• Turbo codes

• Polar codes

• LDPC codes
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Coding: Forward Error Correction (FEC)

• Code Rate:

• E.g. coding rate 2/3, for every 2 data bits, we transmit 3 bits. 

•  code rate →  redundancy →  bit errors

•  code rate →  redundancy →  bit errors
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𝑅 =
# 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑏𝑖𝑡𝑠 (𝑢𝑛𝑐𝑜𝑑𝑒𝑑)

# 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑏𝑖𝑡𝑠 (𝑐𝑜𝑑𝑒𝑑) 



Coding: Forward Error Correction (FEC)

• Convolutional code over 
BPSK with rate R

• BER vs SNR curve for 
different R. 
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Wireless Data Rates
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• Data Rate

– Bandwidth: B Samples/sec

– Modulation: k Bits/sample

– Coding Rate: R Data Bits/ Coded Bits

𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵 𝑆𝑎𝑚𝑝𝑙𝑒𝑠/𝑠𝑒𝑐 ×  𝑘 𝐶𝑜𝑑𝑒𝑑 𝐵𝑖𝑡𝑠/𝑠𝑎𝑚𝑝𝑙𝑒 ×  𝑅 𝐷𝑎𝑡𝑎 𝐵𝑖𝑡𝑠 /𝐶𝑜𝑑𝑒𝑑 𝐵𝑖𝑡𝑠

= 𝐵 ×  𝑘 ×  𝑅 𝑏𝑖𝑡𝑠/𝑠𝑒𝑐 

BPSK with code rate 1/2:
𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 10 𝑀𝑆/𝑠 ×  1 𝑏𝑝𝑠 × 1/2 = 5 𝑀𝑏𝑝𝑠

64 QAM with code rate 1/3:
𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 10 𝑀𝑆/𝑠 ×  6 𝑏𝑝𝑠 × 1/3 = 20 𝑀𝑏𝑝𝑠



Wireless Data Rates
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• Data Rate

– Bandwidth: B Samples/sec

– Modulation: k Bits/sample

– Coding Rate: R Data Bits/ Coded Bits

𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵 𝑆𝑎𝑚𝑝𝑙𝑒𝑠/𝑠𝑒𝑐 ×  𝑘 𝐶𝑜𝑑𝑒𝑑 𝐵𝑖𝑡𝑠/𝑠𝑎𝑚𝑝𝑙𝑒 ×  𝑅 𝐷𝑎𝑡𝑎 𝐵𝑖𝑡𝑠 /𝐶𝑜𝑑𝑒𝑑 𝐵𝑖𝑡𝑠

= 𝐵 ×  𝑘 ×  𝑅 𝑏𝑖𝑡𝑠/𝑠𝑒𝑐 

• Capacity
• Maximum Achievable Data Rate

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



Wireless Data Rates
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• Practical Systems cannot support any coding and modulation!

• Predefined set of modulation and coding schemes (MCS) baked into 
the hardware. 

802.11g: WiFi 3



Wireless Data Rates
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• 𝑂𝐹𝐷𝑀 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ×  𝑀𝑜𝑑𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 ×  𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒 ×  (1 −
𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑)

𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 =
#𝐺𝑢𝑎𝑟𝑑 𝐵𝑖𝑛𝑠 + #𝑃𝑖𝑙𝑜𝑡 𝐵𝑖𝑛𝑠 + 𝐷𝐶 𝐵𝑖𝑛 + 𝐶𝑃
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WiFi 802.11ac MCS (Modulations and Coding Schemes)

𝑀𝐶𝑆 0 with 20 MHz channel and 0.8𝜇𝑠 Guard Interval (CP)

𝐶𝑃 = 0.8𝜇𝑠 ×  20 𝑀𝑆/𝑠 = 16 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 =
#𝐺𝑢𝑎𝑟𝑑 𝐵𝑖𝑛𝑠 + #𝑃𝑖𝑙𝑜𝑡 𝐵𝑖𝑛𝑠 + 𝐷𝐶 𝐵𝑖𝑛 + 𝐶𝑃

𝑁 + 𝐶𝑃
=

7 + 4 + 1 + 16

64 + 16
=

28

80

𝑂𝐹𝐷𝑀 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 20 𝑀𝑆/𝑠 ×  1 𝑏𝑖𝑡/𝑠𝑎𝑚𝑝𝑙𝑒 ×  1/2 × 1 − 28/80 = 6.5 𝑀𝑏/𝑠

• 𝑂𝐹𝐷𝑀 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ×  𝑀𝑜𝑑𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 ×  𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒 × (1 − 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑)

𝑁 = 64, 4 𝑃𝑖𝑙𝑜𝑡𝑠, 7 𝐺𝑢𝑎𝑟𝑑 𝑏𝑖𝑛𝑠, 1 𝐷𝐶 𝑏𝑖𝑛
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WiFi 802.11ac MCS (Modulations and Coding Schemes)

𝑀𝐶𝑆 6 with 40 MHz channel and 0.8𝜇𝑠 Guard Interval (CP)

𝐶𝑃 = 0.8𝜇𝑠 ×  40 𝑀𝑆/𝑠 = 32 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 =
#𝐺𝑢𝑎𝑟𝑑 𝐵𝑖𝑛𝑠 + #𝑃𝑖𝑙𝑜𝑡 𝐵𝑖𝑛𝑠 + 𝐷𝐶 𝐵𝑖𝑛 + 𝐶𝑃

𝑁 + 𝐶𝑃
=

11 + 6 + 3 + 32

128 + 32
=

52

160

𝑂𝐹𝐷𝑀 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 40 𝑀𝑆/𝑠 ×  6 𝑏𝑖𝑡/𝑠𝑎𝑚𝑝𝑙𝑒 ×  3/4 × 1 − 52/160 = 121.5 𝑀𝑏/𝑠

• 𝑂𝐹𝐷𝑀 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ×  𝑀𝑜𝑑𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 ×  𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒 × (1 − 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑)

𝑁 = 128, 6 𝑃𝑖𝑙𝑜𝑡𝑠, 11 𝐺𝑢𝑎𝑟𝑑 𝑏𝑖𝑛𝑠, 3 𝐷𝐶 𝑏𝑖𝑛
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Modulation Schemes
Different modulation schemes Different modulation schemes Different modulation schemes 
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Choice of ModulationPicking the Right Modulation for the SNR Picking the Right Modulation for the SNR Picking the Right Modulation for the SNR Picking the Right Modulation for the SNR Picking the Right Modulation for the SNR 



Bit Error Rate (BER) 
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Throughput

Throughput: number of data bits correctly received per second. 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 ≤ 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 < 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

If we transmit above capacity: 
→ Lots of bit errors
→ All packets loss
→ Throughput = 0

𝑀: Number of bits per packet
𝑃𝑏: Probability of bit error after error correcting codes = function(𝐵𝐸𝑅, 𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒, 𝐶𝑜𝑑𝑒 𝑆𝑐ℎ𝑒𝑚𝑒)

𝑃𝑎𝑐𝑘𝑒𝑡 𝐿𝑜𝑠𝑠 𝑅𝑎𝑡𝑒 = 1 − 1 − 𝑃𝑏
𝑀 ≈ 𝑀 × 𝑃𝑏

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 = 𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 × 1 − 𝐿𝑜𝑠𝑠 𝑅𝑎𝑡𝑒

If we transmit below capacity: 
→ Small number of bit errors
→ Bit errors corrected by coding
→ Throughput ≈ Data Rate
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Throughput vs SNR

Throughput as a function of SNR for 

different modulations 

SNR
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Throughput vs SNR

Throughput as a function of SNR for 

different modulations 

SNR
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Throughput vs SNR

Throughput as a function of SNR for 

different modulations 

SNR
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Throughput vs SNR

Throughput as a function of SNR for 

different modulations 

SNR
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Throughput vs SNR

Throughput as a function of SNR for 

different modulations 
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Rate Adaptation 

Choose the best modulation and coding scheme that maximizes 
the throughput that can be supported by the channel. 

Challenges:

• Few modulation and coding rates supported by 
standards/hardware → must choose for discrete set

• TX does not know the channel and noise at the RX before 
choosing the modulation & coding. 
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