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Recalling from last session…

CP IFFT

OFDM symbol

𝑇u𝑇CP
𝑇OFDM

𝑅 =
𝑟c𝐾 log2 𝑀

𝑇OFDM

LTE example:
• 𝑟c = 1/3
• K = 1200
• M = 16
• ∆f = 15KHz
• 𝑇CP = 5us

𝐵𝑊𝑡𝑥 = 𝐾∆f

𝑅 and 𝐵𝑊𝑡𝑥?
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𝑅 =

1
3 ⋅ 1200 ⋅ log2 16 𝑏𝑖𝑡𝑠

1𝑚𝑠
14

= 22.4𝑀𝑏𝑝𝑠

𝐵𝑊𝑡𝑥 = 1200 ⋅ 15𝑘𝐻𝑧 = 18𝑀𝐻𝑧

𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 =
𝐵𝑊𝑡𝑥

0.9
=
18𝑀𝐻𝑧

0.9
= 20𝑀𝐻𝑧



𝐵𝑊𝑡𝑥 and 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙

𝐵𝑊𝑡𝑥 = 𝑁𝑆𝐶
𝑅𝐵𝑁𝑅𝐵∆f

𝐾 = 𝑁𝑆𝐶
𝑅𝐵𝑁𝑅𝐵

For
𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 ≥ 3𝑀𝐻𝑧,

we have
𝐵𝑊𝑡𝑥 = 0.9𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙

𝑁𝑆𝐶
𝑅𝐵 = 12



Review Exercise Set 01:

1

2.

3.

4.



1.

- https://www.etsi.org/deliver/etsi_ts/136100_136199/136101/15.14.00_60/ts_136101v151400p.pdf
- https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/15.12.00_60/ts_136211v151200p.pdf

https://www.etsi.org/deliver/etsi_ts/136100_136199/136101/15.14.00_60/ts_136101v151400p.pdf
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/15.12.00_60/ts_136211v151200p.pdf


1.



2.

- https://www.3gpp.org/keywords-acronyms/1612-ue-category

https://www.3gpp.org/keywords-acronyms/1612-ue-category


2.



3.



4.

- https://www.etsi.org/deliver/etsi_ts/136200_136299/136213/15.11.00_60/ts_136213v151100p.pdf

https://www.etsi.org/deliver/etsi_ts/136200_136299/136213/15.11.00_60/ts_136213v151100p.pdf


What is the required coding rate r𝑐, number of subcarriers 𝐾 and the aggregated transmitted bandwidth

𝐵𝑊𝑡𝑥,𝑡𝑜𝑡𝑎𝑙 to provide the peak rate for UE Category 9 devices in DL? Does everything agree with the 

calculations in exercise number 4? Hint: Consider the maximum rate per layer, number of layers, 

subcarriers, and constellation order for one LTE carrier on Category 9 devices.

5.



5.



Questions: Group discussion
• 𝑇OFDM =

1

∆f
?

• How to increase K while keeping 𝐵𝑊𝑡𝑥

constant?
• 𝑅 and 𝐵𝑊𝑡𝑥? 𝑅 and 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙?
• Maximum transmission rate?
• Maximum achievable rate (correctly

received)?

𝑅 =
𝑟c𝐾 log2 𝑀

𝑇OFDM



Questions

T
T

FF

∆f

𝑇OFDM 𝑇OFDM𝑇OFDM

Increase K while keeping 𝐵𝑊𝑡𝑥 constant?
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2
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𝑅 =
𝑟c𝐾 log2 𝑀

𝑇OFDM



Questions
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𝑅 and 𝐵𝑊𝑡𝑥? 𝑅 and 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙? 𝑅 =
𝑟c𝐾 log2 𝑀

𝑇OFDM



Time structure: LTE, NR



Time-frequency grid: LTE, NR

(NR)



Maximum achievable rate (Capacity)

𝐶 = 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 log2 1 +
𝑆

𝑁

Shannon Capacity Formula:
Received signal power:
transmitted power, channel attenuation,
receiver gain, …

Received noise power:

𝑁 = 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 ∙ 𝑁𝑜

𝑅 ≤ 𝐶 noise density (W/Hz)Bandwidth (Hz)Error free communication



SNR

• Ratio between signal to noise power.
• No dimensions.
• Typically expressed in dB:
• What if we use voltages instead?
• dB or linear?

𝑆𝑁𝑅𝑑𝐵 = 10log10
𝑆

𝑁

𝐶 = 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 log2 1 +
𝑆

𝑁

𝑆𝑁𝑅𝑑𝐵 = 20log10
𝑉S,𝑅𝑀𝑆
𝑉N,RMS



Frequency-selective channel
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Frequency-selective channel
Additional information on formulas:

Noisy channel coding theorem Shannon-Hartley theorem

𝐶 = 𝐵𝑊𝑐ℎ𝑎𝑛𝑛𝑒𝑙 log2 1 +
𝑆

𝑁𝑅 ≤ 𝐶

https://www.mdpi.com/1099-
4300/16/9/4892/pdf

https://en.wikipedia.org/wiki/Nois
y-channel_coding_theorem

https://www.mdpi.com/1099-4300/16/9/4892/pdf
https://en.wikipedia.org/wiki/Noisy-channel_coding_theorem


Frequency-selective channel

• The transmitter adjusts conveniently 𝑟c and 
𝑀 based on the feedback.

• Feedback per individual subcarrier is not 
practical: group of subcarriers. We hope the 
channel does not change too much over 
those subcarriers!

• The feedback is independent per user.



Frequency-selective channel: multiuser
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