
 

ECE 145C/218C Homework #1  

 

1) 20 pts. In the first lecture, I mentioned 5G as the next evolution in cellular 

communications. One proposal would be a wireless link designed at the license-

free 60 GHz band to transmit at 8 Gb/s over a 2 GHz channel.   

 
a. What would be the minimum number of bits per symbol? Suggest a 

constellation. (5) 

 

b. What is the sensitivity required for the receiver given a BER of 10-6?  

Assume the noise figure of the receiver is 7 dB. (5) 

 

c. If a maximum PA output power is 23 dBm, what is the distance that can 

be supported if the antenna gains are 0 dB? Assume the peak-to-average 

raio for 8PSK is 3.3 dB and 16PKS is (?) 3.5 dB (5) 

 

d. We found in the last part that we don’t have much range. If again the 

maximum transmit power is 23 dBm, transmitter and receiver antenna 

gains would be requited to support transmission over 100m? (5) 

  



 

2) 23 pts. Linearity Specification. Consider an LTE receiver for band 1. Two 

jammers at 2140 and 2160 MHz have maximum power levels of -35 dBm. Your 

receiver should detect a signal in a 20 MHz channel at 2120 MHz.  Assume the 

noise figure of the receiver is 5 dB. 

 

a. What is the minimum detectable signal at 2140 MHz? (3) 

 

b. Find the IIP3 for the receiver that results in an IM3 term that is no larger 

than the minimum detectable signal. (6) 

 

c. But we have neglected the transmit signal in band 1 which might be 

located at 1960 MHz and 1980 MHz and have a power as high as 10 dBm. 

Find the IIP3 for the receiver that results in an IM3 term that is no larger 

than the minimum detectable signal. (6) 

 

d. The IIP3 requirements for the in-band (receive jammers) and the out-of-

band (transmit jammers) are very different. How much filtering of the TX 

and RX signals would be required to knock the IIP3 requirements below   

0 dBm? (4)   

 

e. Determine the spur-free dynamic range of the receiver given the IIP3 

constraints. (4) 

  



 

3) 36 pts. Phase Noise. Consider an LTE receiver for band 1. Consider a jammer at 

2140MHz with a maximum power level of -45 dBm. Your receiver should detect 

a signal in a 20 MHz channel at 2120 MHz.  Assume that the phase noise is 1/f3 to 

200 kHz, 1/f2 to 20 MHz, and constant above 20 MHz 

 

a. Find the phase noise SNR based on the reciprocal mixing. Assume a 

minimum SNR of 10 dB. Hint: You might use your answer to 2a. (5) 

 

b. Find the phase noise at a 10 MHz offset using your answer from part a. (5) 

 

c. Find the integrated phase jitter (in degrees and in seconds assuming a 1 

GHz oscillation) from 200 kHz to 100 MHz assuming your answer to 3b. 

Which region provides the highest integrated phase jitter; the 1/f^2 or the 

flat region? (6) 

 

d. Again, you realize that you have neglected the transmit signal located 60 

MHz away. Using the same criteria from problem 2b, calculate the 

required phase noise at the 40MHz offset to prevent the transmit signal 

from becoming receive band noise. (5) 

 

e. In the lecture notes, we derived a very useful way to integrate the 1/f^2 

region of the phase noise spectrum. Namely  

∫ 𝐿{𝑓}𝑑𝑓
𝑓ℎ

𝑓𝑙

= 𝐿{√𝑓𝑙𝑓ℎ}(𝑓ℎ−𝑓𝑙) 

Can you derive a formula for the 1/f3 region of the oscillator? (10) 

 

f.  Calculate the integrated phase jitter over the phase noise spectrum from 

4kHz to 400 kHz. Does this dominate over the other phase noise regions? 

(5) 


