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Digital Communications Final Exam-2018 

Name____CALEB EGHAN_______ 

No._______F10180101112_______Score__________

I. Multiple Choices: choose the answer that you think is right from several

possible answers that are listed. (4 points per question) 

1. The function of multiple antenna diversity is

A. to improve the system capacity; B. to combat frequency-selective fading; C. to 

combat flat fading; D. to increase the transmit power.

2. The main function of OFDM is

A. to combat flat fading; B. to solve inter-symbol interference problem; C. to increase 

the signal to noise power ratio; D. others.

3. The main functions of multiple antenna technology are

A. only to improve the system capacity; B. only to improve the system reliability; C. to 

improve the capacity or reliability; D. All are not true.

4. Propagation characteristics of wireless channels involve

A. path loss; B. shadowing; C. multipath fading; D. All are true.

5. The important features of mobile communications systems are

A. multipath; B. time-variant; C. multipath and time-variant; D. reliability.

6. Regarding the channel capacity, which following statement is not true?

A. It depends on specific transceiver; B. It is only theoretical limit; C. It is maximum 

mutual information; D. It only depends on the channel itself.

7. Alamouti transmit diversity is able to provide

A. diversity gain; B. array gain; C. diversity gain and array gain; D. multiplexing gain.

8. Multipath time spread of wireless channel would give rise to

A. time-variant fading; B. space selective fading; C. frequency selective fading; D. 

others.

9. Doppler spread of wireless channel would give rise to

A. time-variant fading; B. space-selective fading; C. frequency-selective fading; D. 

others.

10. The optimum diversity combining method is

A. selection combining; B. maximum ratio combining; C. equal gain combining; D. All 

are not true. 
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11. Under flat fading channel, the power allocation scheme to achieve the capacity with 

transmit and receive CSI is

A. channel inversion; B. water-filling; C. equal power allocation.

12. If only receive end has the knowledge of CSI, linear MIMO receivers include

A. zero-forcing receiver; B. matched filter; C. MMSE receiver; D. All are right.

13. The challenges of mobile OFDM systems are

A. peak to average power ratio problem; B. synchronization problem; C. All are 

right.

14. In adaptive modulation systems adopting channel inversion (only transmit power is 

variable), which following statement is right?

A. The modulation order is constant; B. The receive SNR is constant; C. The 

instantaneous spectrum efficiency is identical with the average. D. All are right.

15. Regarding adaptive modulation systems with variable rate variable power, which 

following statement is not true?

A. They have the larger spectrum efficiency than the channel inversion scheme;

B. They only need to know the CSI at receive end;

C. They need to know the CSI at transmit end. 
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II. [15 points] Consider the octal signal point constellation in the figure shown below

b

45º

a

r

8-PSK 8-QAM

(a) [5 points] The nearest neighbor signal points in the 8-QAM signal constellation

are separated in distance by A. Determine the radii a and b of the inner and outer 

circles. 

(b) [5 points] The adjacent signal points in the 8-PSK are separated by a distance of

A. Determine the radius r of the circle.

(c) [5 points] Determine the average transmitter powers for the two signal

constellations and compare the two powers. 

a) A  /         = 0.7071

A and b = a.cos(45) +cos(30)A = 1.366A

b ) A  = r   (2-2cos ( /4) and 1.3066A

c) Average power of 8psk =  r  = 1.7071

Average power of 8-QAM =1.1830

The 8-QAM constelation has a lower avaerage power by 
a factor 1.443(1.5a3dB)
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III. [15 points] Consider a flat-fading channel where for a fixed transmit power P ,

the received SNR （
0

i
i

Pg

N B
  ，gi is channel power gain）is one of four values:

1 = 30 

dB, 
2 = 20 dB,

3 = 10 dB, and 
4 = 0 dB. The probability associated with each

state is p1 =0.2, p2 =0.3, p3 = 0.3, and p4 = 0.2. Assume both transmitter and receiver 

have CSI. Find the optimal power control policy ( ) /P i P  for this channel and its 

corresponding Shannon capacity per unit Hertz (C/B). 

Note first all channel state

1 / Yo  = 1+     Pi  / Yi  , r6 = 0.811 Since 1 / r6 = 1 / Y4 > 0 we 
have 
P (yi)  / ro   = 1 / yo  = 1 / y1
P (y1) / P  =1/0.811  -  1/1000 =  1.2322 , r1 = 1.2322 P (y2) / P = 
1/0.811 - 1/100 = 1.2232 , r2 = 1.2232

and C/B =       log(1y1/y0) P(y1) = 5.285bps /HZ

P (y2) / P  =  1/ 0.811  - 1/10  = 1.330
P(y1) = 1/ 0.811 - 1/1 = 0.233

1 +     1/ Yi  Pi = 1+ 1/100(0.2) + 1/100(0.3) + 1/10(0.3) + 1/1 (0.2) 

Yo = 1000?1233.2 = 0.8104
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IV.[10 points] Plot the implementation structures of OFDM transmitter and 

receiver. 

If 1/Yo - 1/Y4 > 0 , True P(Yi) / P = 1/Yo = 1?Yi

P(Yi) / P = I/Yo = i/Yi  = 1/ 0.8104  -  1/1000 = 1.2232 = r1 = I / Yo - 1/ Y2 = 1 / 0.8104 - 

1 / 100 =  1.2232 = r2

= i / Yo - 1/ Y3 = 1 / 0.8104 - 1/1 = 0.2332 = r4

C / B =     log2 (ri / ro) P(Yi)

C / B = 5.2853 bps / Hz

        Opthogonal freguency  Division Multiplexing  (OFDM )
                                Transmitter And Receiver     

Figure 1 : OFDM Transmitter

Figure2 : OFDM Receiver




